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�2$436���8��6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$���DQG�DSSURYHG�IRU�SXEOLFDWLRQ���7KLV

2$436�6WDII�3DSHU�FRQWDLQV�WKH�ILQGLQJV�DQG�FRQFOXVLRQV�RI�WKH�VWDII�RI�WKH�2$436�DQG�GRHV

QRW�QHFHVVDULO\�UHSUHVHQW�WKRVH�RI�WKH�(3$���0HQWLRQ�RI�WUDGH�QDPHV�RU�FRPPHUFLDO�SURGXFWV�LV

QRW�LQWHQGHG�WR�FRQVWLWXWH�HQGRUVHPHQW�RU�UHFRPPHQGDWLRQ�IRU�XVH�
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0DQDJHU��KHDOWK�HIIHFWV���0V��9LFWRULD�9��$WZHOO��ZHOIDUH�HIIHFWV���0U��+DUYH\�0�5LFKPRQG

�H[SRVXUH�DQG�KHDOWK�ULVN�DQDO\VHV���0U��:DUUHQ�3��)UHDV��DLU�TXDOLW\�DQG�IRUP�RI�WKH

VWDQGDUG���DQG�0V��5RVDOLQD�0��5RGULJXH]��HFRQRPLF�DQDO\VHV����7KLV�GRFXPHQW�KDV�EHHQ

LPSURYHG�E\�FRPPHQWV�DQG�VXSSRUW�IURP�'U��.DUHQ�0��0DUWLQ��0U��(ULF�2��*LQVEXUJ��DQG

0U��-RKQ�+��+DLQHV��DOO�RI�2$436���DV�ZHOO�DV�VWDII�RI�WKH�2IILFH�RI�5HVHDUFK�DQG

'HYHORSPHQW��SDUWLFXODUO\�VWDII�RI�WKH�1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO�$VVHVVPHQW�DQG�WKH
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RI�3ROLF\�DQG�3URJUDP�(YDOXDWLRQ��DQG�WKH�2IILFH�RI�*HQHUDO�&RXQVHO��DOO�ZLWKLQ�WKH�8�6�

(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$����2I�SDUWLFXODU�LPSRUWDQFH�LQ�WKH�UHYLHZ�RI�WKLV

GRFXPHQW�KDV�EHHQ�WKH�WHFKQLFDO�DQG�HGLWRULDO�VXSSRUW�SURYLGHG�E\�0V��3DWULFLD�5��&UDEWUHH

DQG�0V��%DUEDUD�0LOHV�

2Q�WKUHH�GLIIHUHQW�RFFDVLRQV��GUDIW�FKDSWHUV�RI�WKLV�GRFXPHQW�ZHUH�IRUPDOO\�UHYLHZHG
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$� /HJLVODWLYH�5HTXLUHPHQWV ���������������������������������������������������������������� ���
%� +LVWRU\�RI�1$$46�5HYLHZV ������������������������������������������������������������ ���

�� (VWDEOLVKPHQW�RI�1$$46�IRU�3KRWRFKHPLFDO�2[LGDQWV ������������������� ���
�� 5HYLHZ�DQG�5HYLVLRQ�RI�1$$46�IRU�3KRWRFKHPLFDO

2[LGDQWV ��������������������������������������������������������������������������� ���
�� 6XEVHTXHQW�5HYLHZ�RI�2]RQH�1$$46 ��������������������������������������� ���
�� &XUUHQW�5HYLHZ�RI�2]RQH�1$$46 ������������������������������������������� ���

,,,� $3352$&+ ���������������������������������������������������������������������������������������� ���
$� %DVHV�IRU�,QLWLDO�$QDO\WLF�$VVHVVPHQWV ������������������������������������������������ ���
%� 2UJDQL]DWLRQ�RI�'RFXPHQW������������������������������������������������������������������

,9���$,5�48$/,7<�&+$5$&7(5,=$7,21 �����������������������������������������������������������
$� $LU�4XDOLW\�7UHQGV ���������������������������������������������������������������������������
%� $LU�4XDOLW\�'LVWULEXWLRQV �������������������������������������������������������������������
&� 2]RQH�%DFNJURXQG ���������������������������������������������������������������������������

9� 6&,(17,),&�$1'�7(&+1,&$/�%$6,6�)25�35,0$5<�1$$46 �����������������������
$� ,QWURGXFWLRQ �����������������������������������������������������������������������������������
%� 0HFKDQLVPV�RI�7R[LFLW\���������������������������������������������������������������������
&� +HDOWK�(IIHFWV�RI�2]RQH���������������������������������������������������������������������

�� 3XOPRQDU\�)XQFWLRQ�5HVSRQVHV���������������������������������������������������
���� 5HVSLUDWRU\�6\PSWRPV�DQG�(IIHFWV�RQ�([HUFLVH

3HUIRUPDQFH��������������������������������������������������������������������������
�� ,QFUHDVHG�$LUZD\�5HVSRQVLYHQHVV������������������������������������������������
�� ,PSDLUPHQW�RI�+RVW�'HIHQVHV �����������������������������������������������������
�� +RVSLWDO�$GPLVVLRQV�DQG�(PHUJHQF\�5RRP�9LVLWV����������������������������
�� 'DLO\�0RUWDOLW\ ����������������������������������������������������������������������
�� $FXWH�,QIODPPDWLRQ�DQG�5HVSLUDWRU\�&HOO�'DPDJH ���������������������������
�� &KURQLF�5HVSLUDWRU\�'DPDJH �����������������������������������������������������
�� *HQRWR[LFLW\�DQG�&DUFLQRJHQLFLW\� �����������������������������������������������

'� )DFWRUV�0RGLI\LQJ�$FXWH�+XPDQ�5HVSRQVH�WR�2]RQH ���������������������������������
������ ([HUWLRQ�DQG�9HQWLODWLRQ �����������������������������������������������������������
������ 3UHH[LVWLQJ�'LVHDVH �����������������������������������������������������������������
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������ $JH��*HQGHU��(WKQLF��DQG�7REDFFR�6PRNH�)DFWRUV ���������������������������
������ ,QWHUDFWLRQV�ZLWK�2WKHU�3ROOXWDQWV������������������������������������������������

(� 6HQVLWLYH�3RSXODWLRQ�*URXSV ���������������������������������������������������������������
������ $FWLYH���([HUFLVLQJ���,QGLYLGXDOV ������������������������������������������������
������ ,QGLYLGXDOV�ZLWK�3UHH[LVWLQJ�5HVSLUDWRU\�'LVHDVH �����������������������������
������ 2WKHU�3RSXODWLRQ�*URXSV ����������������������������������������������������������

)� $GYHUVH�5HVSLUDWRU\�(IIHFWV�RI�2]RQH�([SRVXUHV��������������������������������������
����� 3HUPDQHQW�5HVSLUDWRU\�,QMXU\�DQG�RU�3URJUHVVLYH

'\VIXQFWLRQ ��������������������������������������������������������������������������
����� (SLVRGLF�DQG�,QFDSDFLWDWLQJ�,OOQHVV�LQ�3HUVRQV�ZLWK

,PSDLUHG�5HVSLUDWRU\�6\VWHPV� ���������������������������������������������������
����� ,QWHUIHUHQFH�ZLWK�1RUPDO�$FWLYLW\ �����������������������������������������������

*� 2]RQH�([SRVXUH�$QDO\VLV�������������������������������������������������������������������
�� 2YHUYLHZ �����������������������������������������������������������������������������
�� ([SRVXUH�0RGHOLQJ�0HWKRGRORJ\ ������������������������������������������������
�� 3RSXODWLRQ�([SRVXUH�(VWLPDWHV�8SRQ�$WWDLQPHQW�RI

$OWHUQDWLYH�2]RQH�6WDQGDUGV ������������������������������������������������������
�� &DYHDWV�DQG�/LPLWDWLRQV������������������������������������������������������� ����

+� 2]RQH�+HDOWK�5LVN�$VVHVVPHQW �������������������������������������������������������� ���
�� 2YHUYLHZ ������������������������������������������������������������������������� ���
�� ([SRVXUH�5HVSRQVH�5HODWLRQVKLSV �������������������������������������������� ���
�� %HQFKPDUN�5LVN�5HVXOWV ������������������������������������������������������� ���
�� 3RSXODWLRQ���+HDGFRXQW���5LVN�5HVXOWV ������������������������������������� ���
�� ([FHVV�5HVSLUDWRU\�5HODWHG�+RVSLWDO�$GPLVVLRQV� ������������������������ ���
�� $VVXPSWLRQV�DQG�/LPLWDWLRQV�$VVRFLDWHG�ZLWK�WKH

+HDOWK�5LVN�$VVHVVPHQW�������������������������������������������������������� ���
,� $OWHUQDWLYH�)RUPV�RI�WKH�3ULPDU\�1$$46������������������������������������������ ���

�� )RUP�RI�WKH�&XUUHQW�6WDQGDUG������������������������������������������������� ���
�� ,VVXHV�$VVRFLDWHG�ZLWK�&RQVLGHUDWLRQ�RI�$OWHUQDWLYH

�)RUPV����������������������������������������������������������������������������� ���
�� $OWHUQDWLYH�1$$46�6WDWLVWLFV������������������������������������������������� ���
�� $OWHUQDWLYH�$WWDLQPHQW�7HVW�&ULWHULD����������������������������������������� ���
������ $OWHUQDWLYHV�IRU�7UHDWPHQW�RI�0LVVLQJ�9DOXHV ����������������������������� ���
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$� 3ROOXWDQW�,QGLFDWRU������������������������������������������������������������������������ ���
%� $YHUDJLQJ�7LPHV ������������������������������������������������������������������������� ���

���� 6KRUW�7HUP�DQG�3URORQJHG����WR���KRXUV������������������������������������ ���
���� /RQJ�7HUP ����������������������������������������������������������������������� ���

&� )RUP�RI�WKH�6WDQGDUG �������������������������������������������������������������������� ���
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'� /HYHO�RI�WKH�6WDQGDUG �������������������������������������������������������������������� ���
�� *HQHUDO�&RQFOXVLRQV������������������������������������������������������������ ���
�� 0DUJLQ�RI�6DIHW\�&RQVLGHUDWLRQV�%DVHG�RQ�4XDQWLWDWLYH

([SRVXUH�DQG�5LVN�$VVHVVPHQW ����������������������������������������������� ���
(� 6XPPDU\�RI�6WDII�5HFRPPHQGDWLRQV ������������������������������������������������� ���

�� 3ROOXWDQW�,QGLFDWRU �������������������������������������������������������������� ���
�� $YHUDJLQJ�7LPHV ���������������������������������������������������������������� ���
�� )RUP�RI�WKH�6WDQGDUG ����������������������������������������������������������� ���
�� /HYHO�RI�WKH�6WDQGDUG����������������������������������������������������������� ���

9,,� 6&,(17,),&�$1'�7(&+1,&$/�%$6,6�)25�6(&21'$5<�1$$46 ������������ �����
$� ,QWURGXFWLRQ ������������������������������������������������������������������������������ ����
%� 3ODQW�5HVSRQVH�0RGH�RI�$FWLRQ ����������������������������������������������������� �����

�� 2]RQH�8SWDNH������������������������������������������������������������������ �����
�� ([WUDFHOOXODU�(IIHFWV ���������������������������������������������������������� �����
�� ,QWUDFHOOXODU�(IIHFWV ����������������������������������������������������������� �����
�� 5HVLVWDQFH�DQG�&RPSHQVDWLRQ�0HFKDQLVPV������������������������������� �����
�� 3K\VLRORJLFDO�(IIHFWV ��������������������������������������������������������� �����

&� (QYLURQPHQWDO�)DFWRUV�$IIHFWLQJ�3ODQW�5HVSRQVH ��������������������������������� ����
�� %LRORJLFDO�)DFWRUV �������������������������������������������������������������� ����
�� 3K\VLFDO�)DFWRUV ���������������������������������������������������������������� ����
�� &KHPLFDO�)DFWRUV��������������������������������������������������������������� ����

'� 2]RQH�(IIHFWV�RQ�&URSV�DQG�2WKHU�9HJHWDWLRQ������������������������������������� ����
�� 9LVLEOH�)ROLDU�,QMXU\ ����������������������������������������������������������� ����
�� *URZWK�<LHOG�5HGXFWLRQV�LQ�$QQXDO�&URSV�������������������������������� ����
�� *URZWK�5HGXFWLRQV�LQ�7UHH�6HHGLQJV�DQG�0DWXUH�7UHHV ���������������� ����
�� )RUHVW�DQG�(FRV\VWHPV�(IIHFWV����������������������������������������������� ����

(� %LRORJLFDOO\�5HOHYDQW�0HDVXUHV�RI�2]RQH�([SRVXUH������������������������������ ����
�� %LRORJLFDO�&RQVLGHUDWLRQV����������������������������������������������������� ����
�� $OWHUQDWLYH�)RUPV�RI�WKH�6HFRQGDU\�1$$46 ����������������������������� ����

)� &RQVLGHUDWLRQV�LQ�&KDUDFWHUL]LQJ�$GYHUVH�:HOIDUH�(IIHFWV���������������������� ����
�� ([SRVXUH�&KDUDFWHUL]DWLRQ���������������������������������������������������� ����
�� $VVHVVPHQW�RI�5LVNV�WR�9HJHWDWLRQ������������������������������������������ ����
�� (FRQRPLF�%HQHILWV�$VVHVVPHQW ���������������������������������������������� ����

9,,,���67$))�&21&/86,216�$1'�5(&200(1'$7,216�21�6(&21'$5<
1$$46 �������������������������������������������������������������������������������������������� ����
$� 3ROOXWDQW�,QGLFDWRU����������������������������������������������������������������������� ����
%� $YHUDJLQJ�7LPHV ������������������������������������������������������������������������ ����
&� )RUP�RI�WKH�6WDQGDUG ������������������������������������������������������������������� ����
'� /HYHO�RI�WKH�6WDQGDUG ������������������������������������������������������������������� ����
(� 5HFRPPHQGDWLRQ ������������������������������������������������������������������������ ����

5HIHUHQFHV ��������������������������������������������������������������������������������������������������� 5��
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$SSHQGL[�$ $LU�4XDOLW\�$VVHVVPHQW ��������������������������������������������������������������������$��
$SSHQGL[�% 6HOHFWHG�([SRVXUH�$QDO\VLV�5HVXOWV�������������������������������������������������� �%��
$SSHQGL[�& +HDOWK�5LVN�$VVHVVPHQW���6HOHFWHG�5HVXOWV ����������������������������������������� �&��
$SSHQGL[�' /LVW�RI�6SHFLHV�LQ�6HOHFWHG�1DWLRQDO�3DUNV

DQG�$VVRFLDWHG�2]RQH�5HVSRQVH����������������������������������������������'��
$SSHQGL[�( 3UHGLFWHG�<LHOG�DQG�%LRPDVV�/RVV�IRU�&URS

DQG�7UHH�6HHGOLQJV��%DVHG�RQ�*URZWK�5HJLRQV
DQG�*,6�3UHGLFWLRQV�RI������1DWLRQDO�$LU�4XDOLW\
8VLQJ�WKH�:����,QGH[������������������������������������������������������������������� (��

$SSHQGL[�) 6HOHFWHG�$PELHQW�2]RQH�$LU�4XDOLW\�'LVWULEXWLRQV
IRU�1&/$1��5XUDO��&ODVV�,��DQG�8UEDQ�6LWHV�LQ
7HUPV�RI�'LIIHUHQW�([SRVXUH�,QGLFHV ������������������������������������������������� )��

$SSHQGL[�* /HWWHUV�RI�&ORVXUH�RQ�WKH�&ULWHULD�'RFXPHQW
DQG�6WDII�3DSHU�IURP�WKH�&KDLUPDQ�RI�WKH
&OHDQ�$LU�6FLHQWLILF�$GYLVRU\�&RPPLWWHH�WR
WKH�$GPLQLVWUDWRU�RI�WKH�(3$ ����������������������������������������������������������*��
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,9�� 0HWURSROLWDQ�DUHD�2��WUHQGV�DGMXVWHG�IRU�PHWHRURORJLFDO
YDULDELOLW\��������� ��������������������������������������������������������������������������

,9�� 6SDWLDO�GLVWULEXWLRQ�RI�FRXQWLHV�ZLWK���KRXU�GDLO\�PD[LPXP�
��H[SHFWHG�H[FHHGDQFH�GHVLJQ�YDOXHV�JUHDWHU�WKDQ������SSP
EDVHG�RQ���������DLU�TXDOLW\�GDWD� ��������������������������������������������������������

,9�� 6SDWLDO�GLVWULEXWLRQ�RI�FRXQWLHV�ZLWK���KRXU�GDLO\�PD[LPXP�
��H[SHFWHG�H[FHHGDQFH�GHVLJQ�YDOXHV�JUHDWHU�WKDQ������SSP
EDVHG�RQ���������DLU�TXDOLW\�GDWD� ��������������������������������������������������������

,9�� 6SDWLDO�GLVWULEXWLRQ�RI�FRXQWLHV�ZLWK�KLJKHVW���PRQWK�6XP��
H[SRVXUH�LQGH[�YDOXHV�JUHDWHU�WKDQ����SSP�KRXUV�LQ�����
�EDVHG�RQ������DP��������SP�/67�KRXUV�RQO\������������������������������ ��

,9�� +RXUO\�IUHTXHQF\�GLVWULEXWLRQV�IRU�WKH�PD[LPXP���PRQWK�2��SHULRG���������������

9�� 0HDQ�SUHGLFWHG�FKDQJHV�LQ�IRUFHG�H[SLUDWRU\�YROXPH�LQ���VHF�IROORZLQJ���KU
H[SRVXUHV�WR�R]RQH�ZLWK�LQFUHDVLQJ�OHYHOV�RI�LQWHUPLWWHQW�H[HUFLVH ������������������

9��$��% 3UHGLFWHG�PHDQ�GHFUHPHQWV�LQ�IRUFHG�H[SLUDWRU\�YROXPH�LQ���VHF
IRU����DQG���KU�H[SRVXUHV�WR�R]RQH�ZLWK�LQWHUPLWWHQW�KHDY\�H[HUFLVH
�D��DQG�����K�H[SRVXUHV�ZLWK�PRGHUDWH�SURORQJHG�H[HUFLVH��E� ����������������������

9��� $�VXPPDU\�RI�PRUSKRORJLF�OHVLRQV�IRXQG�LQ�WKH�WHUPLQDO�EURQFKLROHV�DQG�WKH
FHQWULDFLQDU�UHJLRQ�RI�WKH�OXQJ�IROORZLQJ�H[SRVXUH�RI�ODERUDWRU\�UDWV�WR�ILOWHUHG
DLU�RU�D�VLPXODWHG�DPELHQW�SDWWHUQ�RI�2���������������������������������������������������

9�� 6FKHPDWLF�FRPSDULVRQ�RI�WKH�GXUDWLRQ�UHVSRQVH�SURILOHV�IRU�HSLWKHOLDO
K\SHUSODVLD��EURQFKLRORDOYHRODU�H[XGDWLRQ��DQG�LQWHUVWLWLDO�ILEURVLV�LQ
WKH�FHQWULDFLQDU�UHJLRQ�RI�WKH�OXQJ�H[SRVHG�WR�D�FRQVWDQW�ORZ�FRQFHQWUDWLRQ�RI
R]RQH� ������������������������������������������������������������������������������������������

9�� 0DMRU�FRPSRQHQWV�RI�31(0�2��PRGHO�DQG�DVVRFLDWHG�KHDOWK�ULVN�DVVHVVPHQW
SURFHGXUHV �������������������������������������������������������������������������������������

9�� 1HZ�<RUN�XUEDQ�DUHD�PRQLWRULQJ�VLWHV�XVHG�LQ�31(0�DQDO\VHV���������������������
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9�� (LJKW�KRXU�PD[LPXP�GRVH�H[SRVXUH�GLVWULEXWLRQV�IRU�RXWGRRU�FKLOGUHQ�H[SRVHG
RQ�RQH�RU�PRUH�GD\V�XQGHU�PRGHUDWH�H[HUWLRQ��(95�������OLWHUV�PLQ��P���LQ
3KLODGHOSKLD��3$������������������������������������������������������������������������������

9�� (LJKW�KRXU�PD[LPXP�GRVH�H[SRVXUH�GLVWULEXWLRQV�RI�WRWDO�RFFXUUHQFHV�IRU
RXWGRRU�FKLOGUHQ�H[SRVXUH�XQGHU�PRGHUDWH�H[HUWLRQ��(95�������OLWHUV�PLQ��P��
LQ�3KLODGHOSKLD��3$ ��������������������������������������������������������������������������

9���� 0HDQ�SHUFHQW�RI�RXWGRRU�FKLOGUHQ�H[SRVHG�RQ�RQH�RU�PRUH�GD\V�WR�R]RQH�OHYHOV
!������SSP�IRU�HLJKW�KRXUV�ZKLOH�HQJDJHG�LQ�PRGHUDWH�H[HUWLRQ����KRXU
DYHUDJH�(95�LQ�UDQJH�������OLWHUV�PLQ�P���LQ�QLQH�XUEDQ�DUHDV��DOWHUQDWLYH���
KRXU�VWDQGDUGV� �������������������������������������������������������������������������������

9��� 0HDQ�SHUFHQW�RI�RXWGRRU�FKLOGUHQ�H[SRVHG�RQ�RQH�RU�PRUH�GD\V�WR�R]RQH�OHYHOV
!������SSP�IRU�HLJKW�KRXUV�ZKLOH�HQJDJHG�LQ�PRGHUDWH�H[HUWLRQ����KRXU
DYHUDJH�(95�LQ�UDQJH�������OLWHUV�PLQ�P���LQ�QLQH�XUEDQ�DUHDV��DOWHUQDWLYH���
H[SHFWHG�H[FHHGDQFH���KRXU�VWDQGDUGV����������������������������������������������������

9��� 0HDQ�SHUFHQW�RI�RXWGRRU�FKLOGUHQ�H[SRVHG�RQ�RQH�RU�PRUH�GD\V�WR�R]RQH�OHYHOV
!������SSP�IRU�HLJKW�KRXUV�ZKLOH�HQJDJHG�LQ�PRGHUDWH�H[HUWLRQ����KRXU
DYHUDJH�(95�LQ�UDQJH�������OLWHUV�PLQ�P���LQ�QLQH�XUEDQ�DUHDV��DOWHUQDWLYH���
DQG���H[SHFWHG�H[FHHGDQFH���KRXU�VWDQGDUGV��������������������������������������������

9��� 6WHSV�XVHG�WR�GHYHORS�SUREDELOLVWLF�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV������������ ���

9��� 3UREDELOLW\�WKDW�WKH�EHQFKPDUN�UHVSRQVH�IRU�WKH�HLJKW�KRXU��PRGHUDWH�H[HUWLRQ
KHDOWK�HQGSRLQW�)(9��GHFUHPHQW�≥�����ZLOO�EH�H[FHHGHG�ILYH�RU�PRUH�WLPHV�LQ
DQ�R]RQH�VHDVRQ��������������������������������������������������������������������������� ���

9��� 5HSUHVHQWDWLYH�ULVN�GLVWULEXWLRQV�IRU�DOWHUQDWLYH�DLU�TXDOLW\�VFHQDULRV
�)(9��GHFUHPHQWV�≥�����DQG�≥������3KLODGHOSKLD��RXWGRRU�FKLOGUHQ����KU
H[SRVXUHV��PRGHUDWH�H[HUWLRQ� ��������������������������������������������������������� ���

9��� 5HSUHVHQWDWLYH�ULVN�GLVWULEXWLRQV�IRU�DOWHUQDWLYH�DLU�TXDOLW\�VFHQDULRV��)(9�

GHFUHPHQWV�≥������3KLODGHOSKLD��RXWGRRU�FKLOGUHQ����KU�H[SRVXUHV��PRGHUDWH
H[HUWLRQ� ����������������������������������������������������������������������������������� ���

9��� &RQFHQWUDWLRQ�UHVSRQVH�UHODWLRQVKLS�IRU�GDLO\�KRVSLWDO�DGPLVVLRQV�RI�DVWKPDWLFV
LQ�1HZ�<RUN�&LW\�DUHD ������������������������������������������������������������������ ���

9��� ([FHVV�DQQXDO�KRVSLWDO�DGPLVVLRQV�RI�DVWKPDWLFV�DWWULEXWDEOH�WR
R]RQH�H[SRVXUH�IRU�DOWHUQDWLYH�DLU�TXDOLW\�VFHQDULRV ������������������������������� ���
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9��� )UHTXHQF\�GLVWULEXWLRQ�RI�WKH�DYHUDJH�DQG�PD[LPXP�QXPEHU�RI�H[FHHGDQFHV�RI
�����SSP���KRXU�GDLO\�PD[LPXP�FRQFHQWUDWLRQV�IRU�VLWHV�MXVW�DWWDLQLQJ�DQ
DYHUDJH�DQQXDO�VHFRQG�KLJKHVW�GDLO\�PD[LPXP�VWDQGDUG�RI������SSP���������� ���

9��� )UHTXHQF\�GLVWULEXWLRQ�RI�WKH�DYHUDJH�DQG�PD[LPXP�QXPEHU�RI�H[FHHGDQFHV�RI
�����SSP���KRXU�GDLO\�PD[LPXP�FRQFHQWUDWLRQV�IRU�VLWHV�MXVW�DWWDLQLQJ�DQ
DYHUDJH�DQQXDO�ILIWK�KLJKHVW�GDLO\�PD[LPXP�VWDQGDUG�RI������SSP ������������� ���

9,�� (LJKW�KRXU�PD[LPXP�GRVH�H[SRVXUH�GLVWULEXWLRQV�IRU�RXWGRRU�FKLOGUHQ�H[SRVHG
RQ�RQH�RU�PRUH�GD\V�XQGHU�PRGHUDWH�H[HUWLRQ��(95�������OLWHUV�PLQ�P���LQ
3KLODGHOSKLD��3$�������������������������������������������������������������������������� ���

9,���� (LJKW�KRXU�PD[LPXP�GRVH�H[SRVXUH�GLVWULEXWLRQV�RI�WRWDO�RFFXUUHQFHV�IRU
RXWGRRU�FKLOGUHQ�H[SRVXUH�XQGHU�PRGHUDWH�H[HUWLRQ��(95�������OLWHUV�PLQ�P��
LQ�3KLODGHOSKLD��3$ ���������������������������������������������������������������������� ���

9,,��D 9DULDELOLW\�LQ�1&/$1�&URS�<LHOG�6HQVLWLYLWLHV�IRU�����<LHOG�/RVV����������� ���

9,,��E 9DULDELOLW\�LQ�1&/$1�&URS�<LHOG�6HQVLWLYLWLHV�IRU�����<LHOG�/RVV����������� ���

9,,�� 0HGLDQ�&URS�<LHOG�/RVV�IURP�1&/$1�&URSV ������������������������������������� ���

9,,�� 0HGLDQ�%LRPDVV�/RVV�IURP�6HHGOLQJV ������������������������������������������������ ���

9,,�� 'LDJUDP�RI�WKH�3URSDJDWLRQ�3DWKZD\�RI�2]RQH�(IIHFWV�IURP�3ODQWV�WR
(FRV\VWHPV �������������������������������������������������������������������������������� ���

9,,�� 'LXUQDO�2]RQH�3DWWHUQV�DW�5XUDO�6LWHV ������������������������������������������������ ���

9,,��D �����5XUDO�2]RQH�0RQLWRULQJ�6LWH�/RFDWLRQV��������������������������������������� ���

9,,��E �����5XUDO�2]RQH�0RQLWRULQJ�6LWH�/RFDWLRQV��������������������������������������� ���

9,,��D ����������$LU�4XDOLW\�5HODWLRQVKLSV�8VLQJ�$OWHUQDWLYH�3ULPDU\
���H[FHHGHQFH� ���������������������������������������������������������������������������� ���

9,,��E ����������$LU�4XDOLW\�5HODWLRQVKLSV�8VLQJ�$OWHUQDWLYH�3ULPDU\
���H[FHHGHQFHV� ��������������������������������������������������������������������������� ���
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9,,�� 2]RQH�)UHTXHQF\�'LVWULEXWLRQV�IURP�-XQH�WR�6HSWHPEHU������������������������ ���

9,,�� 7KH�&RPSDUDWLYH�5DQNLQJ�RI�2]RQH�0RQLWRULQJ�6LWHV�IURP�$SULO�WR�2FWREHU
8VLQJ�WKH����KU�:����([SRVXUH�,QGH[������������������������������������������� ���

9,,��� (VWLPDWHG����+RXU�680���2]RQH�([SRVXUH���0D[���PRQWKV�IRU����� ������� ���

9,,���D (VWLPDWHG����+RXU�680���2]RQH�([SRVXUH���0D[���PRQWKV�IRU
�����IRU�&XUUHQW�3ULPDU\���� ����������������������������������������������������������� ���

9,,���E (VWLPDWHG����+RXU�680���2]RQH�([SRVXUH���0D[���PRQWKV�IRU
�����IRU�$OWHUQDWLYH�3ULPDU\����H[FHHGHQFH� ��������������������������������������� ���

9,,���F (VWLPDWHG����+RXU�680���2]RQH�([SRVXUH���0D[���PRQWKV�IRU
�����IRU�$OWHUQDWLYH�3ULPDU\����H[FHHGHQFHV� �������������������������������������� ���
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9�� .H\�KHDOWK�VWXGLHV�VXSSRUWLQJ�WKH�FXUUHQW���KU�QDWLRQDO�DPELHQW�DLU�TXDOLW\
SULPDU\�VWDQGDUG�IRU�R]RQH�����������������������������������������������������������������

9�� .H\�KHDOWK�VWXGLHV�SXEOLVKHG�VLQFH�WKH�ODVW�UHYLHZ�RI�WKH�SULPDU\�QDWLRQDO
DPELHQW�DLU�TXDOLW\�VWDQGDUG�IRU�R]RQH����������������������������������������������������

9�� (VWLPDWHG�PLQXWH�YHQWLODWLRQ�UDWHV�DQG�UHSUHVHQWDWLYH�DFWLYLWLHV�DVVRFLDWHG
ZLWK�YDU\LQJ�OHYHOV�RI�H[HUWLRQ�������������������������������������������������������������

9�� *UDGDWLRQ�RI�LQGLYLGXDO�UHVSRQVHV�WR�VKRUW�WHUP�R]RQH�H[SRVXUH�LQ�SHUVRQV
ZLWK�LPSDLUHG�UHVSLUDWRU\�V\VWHPV���������������������������������������������������������

9�� *UDGDWLRQ�RI�LQGLYLGXDO�UHVSRQVHV�WR�VKRUW�WHUP�R]RQH�H[SRVXUH�LQ�KHDOWK\
SHUVRQV �����������������������������������������������������������������������������������������

9�� &KDUDFWHULVWLFV�RI�R]RQH�VWXG\�DUHDV�XVHG�LQ�31(0�2��DQDO\VHV��������������������

9�� 3RSXODWLRQ�HVWLPDWHV�IRU�R]RQH�VWXG\�DUHDV�XVHG�LQ�31(0�2��DQDO\VHV������������

9�� &KDUDFWHULVWLFV�RI�KXPDQ�DFWLYLW\�VWXGLHV�XVHG�LQ�RXWGRRU�ZRUNHU�H[SRVXUH
DQDO\VLV�����������������������������������������������������������������������������������������

9�� &KDUDFWHULVWLFV�RI�KXPDQ�DFWLYLW\�VWXGLHV�SURYLGLQJ�GDWD�IRU�RXWGRRU
FKLOGUHQ�H[SRVXUH�DQDO\VLV ������������������������������������������������������������������

9��� (VWLPDWHV�RI�RQH�KRXU�PD[LPXP�GRVDJH�H[SRVXUHV�H[SHULHQFHG�E\�RXWGRRU
FKLOGUHQ�LQ�3KLODGHOSKLD�GXULQJ�ZKLFK�R]RQH�FRQFHQWUDWLRQ�H[FHHGHG
�����SSP�DQG�(95D�HTXDOHG�RU�H[FHHGHG����OLWHUV⋅�PLQ��⋅�P��

������������������������

9��� (VWLPDWHV�RI�HLJKW�KRXU�PD[LPXP�GRVDJH�H[SRVXUHV�H[SHULHQFHG�E\�RXWGRRU
FKLOGUHQ�LQ�3KLODGHOSKLD�GXULQJ�ZKLFK�R]RQH�FRQFHQWUDWLRQ�H[FHHGHG�����
SSP�DQG�(95D�ZDV�LQ�WKH�UDQJH�������OLWHUV⋅�PLQ��⋅�P��

�������������������������������

9��� %DVLV�IRU�DFXWH�KHDOWK�HQGSRLQWV�DGGUHVVHG�E\�ULVN�DVVHVVPHQW������������������� ���

9��� 6XPPDU\�RI�VWXGLHV�XVHG�LQ�GHYHORSLQJ���KRXU�H[SRVXUH�UHVSRQVH
UHODWLRQVKLSV�IRU�SRSXODWLRQV�HQJDJHG�LQ�KHDY\�H[HUWLRQ �������������������������� ���

9��� 6XPPDU\�RI�WKH�VWXG\�XVHG�WR�GHYHORS���KRXU�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV
IRU�SRSXODWLRQV�HQJDJHG�LQ�PRGHUDWH�H[HUWLRQ��������������������������������������� ���
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9��� 6XPPDU\�RI�VWXGLHV�XVHG�WR�GHYHORS���KRXU�H[SRVXUH�UHVSRQVH
UHODWLRQVKLSV ������������������������������������������������������������������������������� ���

9��� 6XPPDU\�RI�HIIHFW�HVWLPDWHV�IRU�R]RQH�LQ�UHFHQW�VWXGLHV�RI�UHVSLUDWRU\
KRVSLWDO�DGPLVVLRQV����������������������������������������������������������������������� ���

9��� 5DQJH�RI�PHGLDQ�SHUFHQW�RI�RXWGRRU�FKLOGUHQ�UHVSRQGLQJ�DFURVV�QLQH�8�6��XUEDQ
DUHDV�XSRQ�DWWDLQLQJ�DOWHUQDWLYH�DLU�TXDOLW\�VWDQGDUGV ������������������������������ ���

9��� 5DQJH�RI�PHGLDQ�SHUFHQW�RI�RXWGRRU�FKLOGUHQ�UHVSRQGLQJ�DFURVV�QLQH�8�6��XUEDQ
DUHDV�XSRQ�DWWDLQLQJ�DOWHUQDWLYH�DLU�TXDOLW\������������������������������������������� ���

9��� 5DQJH�RI�PHGLDQ�SHUFHQW�RI�RXWGRRU�FKLOGUHQ�UHVSRQGLQJ�DFURVV�QLQH�8�6��XUEDQ
DUHDV�XSRQ�DWWDLQLQJ�DOWHUQDWLYH�DLU�TXDOLW\�VWDQGDUGV ������������������������������ ���

9��� $GPLVVLRQV�RI�1HZ�<RUN�&LW\�DVWKPDWLFV� ������������������������������������������ ���

9��� &ULWHULD�IRU�2��FRQGXFLYH�FRQGLWLRQV�IRU�WKH�HDVWHUQ�8�6 ������������������������� ���

9,�� 3HUFHQW�RI�RXWGRRU�FKLOGUHQ�HVWLPDWHG�WR�H[SHULHQFH�YDULRXV�KHDOWK�HIIHFWV���RU
PRUH�WLPHV�SHU�\HDU�DVVRFLDWHG�ZLWK����RU���KRXU�R]RQH�H[SRVXUHV�XSRQ�DWWDLQLQJ
DOWHUQDWLYH�VWDQGDUGV ��������������������������������������������������������������������� ���

9,�� $GPLVVLRQV�RI�1HZ�<RUN�&LW\�DVWKPDWLFV���ZLWK�D�FRPSDULVRQ�UHODWLYH�WR
PHHWLQJ�WKH�FXUUHQW�VWDQGDUG ����������������������������������������������������������� ���

9,,�� 6XPPDU\�RI�2]RQH�([SRVXUH�,QGLFHV�&DOFXODWHG�IRU���0RQWK�*URZLQJ�6HDVRQV
IURP������WR����� ����������������������������������������������������������������������� ���

9,,�� &RPSDULVRQ�RI�([SRVXUH�5HVSRQVH�9DOXHV�&DOFXODWHG�8VLQJ�WKH���0RQWK�����
+RXU�680���DQG�:����([SRVXUH�,QGLFHV�IRU����1&/$1�&DVHV �������������� ���

9,,�� ([SRVXUH�5HVSRQVH�9DOXHV�WKDW�5HODWH�7RWDO�%LRPDVV��)ROLDJH��6WHP��DQG�5RRW�
WR����+�680���([SRVXUHV�
��$GMXVWHG�WR����'D\V��SSP�K�\HDU� �������������� ���

9,,��D $OWHUQDWLYH�6WDQGDUG�6FHQDULRV�(YDOXDWHG�8VLQJ�1+((5/�:('
*,6�IRU�680����������������������������������������������������������������������������� ���

9,,��E $OWHUQDWLYH�6WDQGDUG�6FHQDULRV�(YDOXDWHG�8VLQJ�1+((5/�:('
*,6�IRU�:��� ����������������������������������������������������������������������������� ���

9,,��D 50)�&KDQJHV�LQ�(FRQRPLF�6XUSOXV�IRU�$OWHUQDWLYH�3ULPDU\�DQG
680���6HFRQGDU\�6WDQGDUGV����([SHFWHG�([FHHGDQFH� �������������������������� ���
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9,,��E 50)�&KDQJHV�LQ�(FRQRPLF�6XUSOXV�IRU�$OWHUQDWLYH�3ULPDU\�DQG
680���6HFRQGDU\�6WDQGDUGV����([SHFWHG�([FHHGDQFHV� ������������������������� ���

9,,��F 50)�&KDQJHV�LQ�(FRQRPLF�6XUSOXV�IRU�$OWHUQDWLYH�3ULPDU\�DQG
:����6HFRQGDU\�6WDQGDUGV����([SHFWHG�([FHHGDQFH������������������������������ ���

9,,��G 50)�&KDQJHV�LQ�(FRQRPLF�6XUSOXV�IRU�$OWHUQDWLYH�3ULPDU\�DQG
:����6HFRQGDU\�6WDQGDUGV����([SHFWHG�([FHHGDQFHV� ��������������������������� ���

9,,�� ,OOXVWUDWLRQ�RI�,QFUHPHQWDO�&KDQJHV�LQ�(FRQRPLF�6XUSOXV�IRU�$OWHUQDWLYH
3ULPDU\�DQG�680���6HFRQGDU\�6WDQGDUGV ����������������������������������������� ����

9,,�� &KDQJHV�LQ�(FRQRPLF�6XUSOXVHV�IRU�&DOLIRUQLD�&URSV�XQGHU�$OWHUQDWLYH�3ULPDU\
DQG�,QFUHPHQWDO�6HFRQGDU\�2]RQH�6WDQGDUGV ��������������������������������������� ���

9,,�� 6XPPDU\�RI�:HOIDUH�%HQHILWV�(VWLPDWHV�$VVRFLDWHG�ZLWK�9DULRXV�3ULPDU\�DQG
,QFUHPHQWDO�6HFRQGDU\�5HJXODWRU\�2SWLRQV ����������������������������������������� ���
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5(9,(:�2)�7+(�1$7,21$/�$0%,(17�$,5�48$/,7<�67$1'$5'6

)25�2=21(

$66(660(17�2)�6&,(17,),&�$1'�7(&+1,&$/�,1)250$7,21

,� 385326(

7KH�SXUSRVH�RI�WKLV�2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV��2$436��6WDII�3DSHU

LV�WR�HYDOXDWH�WKH�NH\�VFLHQWLILF�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�(3$�GRFXPHQW���$LU�4XDOLW\

&ULWHULD�IRU�2]RQH�DQG�5HODWHG�3KRWRFKHPLFDO�2[LGDQWV���8�6��(3$������D��KHQFHIRUWK

UHIHUUHG�WR�DV�&'���DQG�LGHQWLI\�WKH�FULWLFDO�HOHPHQWV�WKDW�WKH�(3$�VWDII�EHOLHYHV�VKRXOG�EH

FRQVLGHUHG�LQ�WKH�UHYLHZ�RI�WKH�QDWLRQDO�DPELHQW�DLU�TXDOLW\�VWDQGDUGV��1$$46��IRU�R]RQH��2���

�7KLV�6WDII�3DSHU�LQFOXGHV�IDFWRUV�UHOHYDQW�WR�WKH�HYDOXDWLRQ�RI�FXUUHQW�SULPDU\��KHDOWK��DQG

VHFRQGDU\��ZHOIDUH��1$$46��DV�ZHOO�DV�VWDII�FRQFOXVLRQV�DQG�UHFRPPHQGDWLRQV�UHJDUGLQJ�WKH

PRVW�DSSURSULDWH�DOWHUQDWLYH�SULPDU\�DQG�VHFRQGDU\�1$$46�EDVHG�RQ�FXUUHQW�HYDOXDWLRQ�RI

VFLHQWLILF�DQG�WHFKQLFDO�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�&'�DQG�WKLV�6WDII�3DSHU�



�

,,� %$&.*5281'

$� /HJLVODWLYH�5HTXLUHPHQWV

�����7ZR�VHFWLRQV�RI�WKH�&OHDQ�$LU�$FW��$FW��JRYHUQ�WKH�HVWDEOLVKPHQW�DQG�UHYLVLRQ�RI�1$$46�

�6HFWLRQ���������8�6�&��������GLUHFWV�WKH�$GPLQLVWUDWRU�WR�LGHQWLI\�SROOXWDQWV�ZKLFK��PD\

UHDVRQDEO\�EH�DQWLFLSDWHG�WR�HQGDQJHU�SXEOLF�KHDOWK�DQG�ZHOIDUH��DQG�WR�LVVXH�DLU�TXDOLW\

FULWHULD�IRU�WKHP���7KHVH�DLU�TXDOLW\�FULWHULD�DUH�LQWHQGHG�WR��DFFXUDWHO\�UHIOHFW�WKH�ODWHVW

VFLHQWLILF�NQRZOHGJH�XVHIXO�LQ�LQGLFDWLQJ�WKH�NLQG�DQG�H[WHQW�RI�DOO�LGHQWLILDEOH�HIIHFWV�RQ�SXEOLF

KHDOWK�RU�ZHOIDUH�ZKLFK�PD\�EH�H[SHFWHG�IURP�WKH�SUHVHQFH�RI�>D@�SROOXWDQW�LQ�WKH�DPELHQW�DLU��

������

6HFWLRQ���������8�6�&��������GLUHFWV�WKH�$GPLQLVWUDWRU�WR�SURSRVH�DQG�SURPXOJDWH

�SULPDU\��DQG��VHFRQGDU\��1$$46�IRU�SROOXWDQWV�LGHQWLILHG�XQGHU�VHFWLRQ�������6HFWLRQ

����E�����GHILQHV�D�SULPDU\�VWDQGDUG�DV�RQH��WKH�DWWDLQPHQW�DQG�PDLQWHQDQFH�RI�ZKLFK��LQ�WKH

MXGJPHQW�RI�WKH�$GPLQLVWUDWRU��EDVHG�RQ�WKH�FULWHULD�DQG�DOORZLQJ�DQ�DGHTXDWH�PDUJLQ�RI

VDIHW\��>LV@�UHTXLVLWH�WR�SURWHFW�WKH�SXEOLF�KHDOWK�����$�VHFRQGDU\�VWDQGDUG��DV�GHILQHG�LQ�VHFWLRQ

����E������PXVW��VSHFLI\�D�OHYHO�RI�DLU�TXDOLW\�WKH�DWWDLQPHQW�DQG�PDLQWHQDQFH�RI�ZKLFK��LQ�WKH

MXGJPHQW�RI�WKH�$GPLQLVWUDWRU��EDVHG�RQ�>WKH@�FULWHULD��LV�UHTXLVLWH�WR�SURWHFW�WKH�SXEOLF�ZHOIDUH

IURP�DQ\�NQRZQ�RU�DQWLFLSDWHG�DGYHUVH�HIIHFWV�DVVRFLDWHG�ZLWK�WKH�SUHVHQFH�RI�>WKH@�SROOXWDQW�LQ

WKH�DPELHQW�DLU����:HOIDUH�HIIHFWV�DV�GHILQHG�LQ�VHFWLRQ�����K��>���8�6�&�������K�@�LQFOXGH��EXW

DUH�QRW�OLPLWHG�WR���HIIHFWV�RQ�VRLOV��ZDWHU��FURSV��YHJHWDWLRQ��PDQPDGH�PDWHULDOV��DQLPDOV�

ZLOGOLIH��ZHDWKHU��YLVLELOLW\�DQG�FOLPDWH��GDPDJH�WR�DQG�GHWHULRUDWLRQ�RI�SURSHUW\��DQG�KD]DUGV

WR�WUDQVSRUWDWLRQ��DV�ZHOO�DV�HIIHFWV�RQ�HFRQRPLF�YDOXHV�DQG�RQ�SHUVRQDO�FRPIRUW�DQG�ZHOO�

EHLQJ��

7KH�8�6��&RXUW�RI�$SSHDOV�IRU�WKH�'LVWULFW�RI�&ROXPELD�&LUFXLW�KDV�KHOG�WKDW�WKH

                    

���7KH�OHJLVODWLYH�KLVWRU\�RI�VHFWLRQ�����LQGLFDWHV�WKDW�D�SULPDU\�VWDQGDUG�LV�WR�EH�VHW�DW��WKH�PD[LPXP�SHUPLVVLEOH
DPELHQW�DLU�OHYHO�������ZKLFK�ZLOO�SURWHFW�WKH�KHDOWK�RI�DQ\�>VHQVLWLYH@�JURXS�RI�WKH�SRSXODWLRQ���DQG�WKDW�IRU�WKLV�SXUSRVH
�UHIHUHQFH�VKRXOG�EH�PDGH�WR�D�UHSUHVHQWDWLYH�VDPSOH�RI�SHUVRQV�FRPSULVLQJ�WKH�VHQVLWLYH�JURXS�UDWKHU�WKDQ�WR�D�VLQJOH
SHUVRQ�LQ�VXFK�D�JURXS����6��5HS��1R�������������VW�&RQJ����G�6HVV��������������7KH�OHJLVODWLYH�KLVWRU\�VSHFLILFDOO\
LGHQWLILHV�EURQFKLDO�DVWKPDWLFV�DV�D�VHQVLWLYH�JURXS�WR�EH�SURWHFWHG���,G�
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�PDUJLQ�RI�VDIHW\��UHTXLUHPHQW�IRU�SULPDU\�VWDQGDUGV�ZDV�LQWHQGHG�WR�DGGUHVV�XQFHUWDLQWLHV

DVVRFLDWHG�ZLWK�LQFRQFOXVLYH�VFLHQWLILF�DQG�WHFKQLFDO�LQIRUPDWLRQ�DYDLODEOH�DW�WKH�WLPH�RI

VWDQGDUG�VHWWLQJ���,W�ZDV�DOVR�LQWHQGHG�WR�SURYLGH�D�UHDVRQDEOH�GHJUHH�RI�SURWHFWLRQ�DJDLQVW

KD]DUGV�WKDW�UHVHDUFK�KDV�QRW�\HW�LGHQWLILHG���/HDG�,QGXVWULHV�$VVRFLDWLRQ�Y��(3$������)��G

������������'�&��&LU���������FHUW��GHQLHG������6��&W��������������$PHULFDQ�3HWUROHXP

,QVWLWXWH�Y��&RVWOH������)��G�������������'�&��&LU���������FHUW��GHQLHG������6��&W������

���������%RWK�NLQGV�RI�XQFHUWDLQWLHV�DUH�FRPSRQHQWV�RI�WKH�ULVN�DVVRFLDWHG�ZLWK�SROOXWLRQ�DW

OHYHOV�EHORZ�WKRVH�DW�ZKLFK�KXPDQ�KHDOWK�HIIHFWV�FDQ�EH�VDLG�WR�RFFXU�ZLWK�UHDVRQDEOH�VFLHQWLILF

FHUWDLQW\���7KXV��E\�VHOHFWLQJ�SULPDU\�VWDQGDUGV�WKDW�SURYLGH�DQ�DGHTXDWH�PDUJLQ�RI�VDIHW\��WKH

$GPLQLVWUDWRU�LV�VHHNLQJ�QRW�RQO\�WR�SUHYHQW�SROOXWLRQ�OHYHOV�WKDW�KDYH�EHHQ�GHPRQVWUDWHG�WR�EH

KDUPIXO�EXW�DOVR�WR�SUHYHQW�ORZHU�SROOXWDQW�OHYHOV�WKDW�VKH�ILQGV�PD\�SRVH�DQ�XQDFFHSWDEOH�ULVN

RI�KDUP��HYHQ�LI�WKH�ULVN�LV�QRW�SUHFLVHO\�LGHQWLILHG�DV�WR�QDWXUH�RU�GHJUHH�

,Q�VHOHFWLQJ�D�PDUJLQ�RI�VDIHW\��WKH�(3$�FRQVLGHUV�VXFK�IDFWRUV�DV�WKH�QDWXUH�DQG

VHYHULW\�RI�WKH�KHDOWK�HIIHFWV�LQYROYHG��WKH�VL]H�RI�WKH�VHQVLWLYH�SRSXODWLRQ�V��DW�ULVN��DQG�WKH

NLQG�DQG�GHJUHH�RI�WKH�XQFHUWDLQWLHV�WKDW�PXVW�EH�DGGUHVVHG���*LYHQ�WKDW�WKH�PDUJLQ�RI�VDIHW\

UHTXLUHPHQW�E\�GHILQLWLRQ�RQO\�FRPHV�LQWR�SOD\�DW�OHYHOV�ZKHUH�WKHUH�LV�QR�FRQFOXVLYH�VKRZLQJ

RI�DGYHUVH�HIIHFWV��VXFK�IDFWRUV��ZKLFK�LQYROYH�XQNQRZQ�RU�RQO\�SDUWLDOO\�TXDQWLILHG�ULVNV��KDYH

WKHLU�LQKHUHQW�OLPLWV�DV�JXLGHV�WR�DFWLRQ���7KH�VHOHFWLRQ�RI�D�SDUWLFXODU�DSSURDFK�WR�SURYLGLQJ�DQ

DGHTXDWH�PDUJLQ�RI�VDIHW\�LV�D�SROLF\�FKRLFH�OHIW�VSHFLILFDOO\�WR�WKH�$GPLQLVWUDWRU
V�MXGJPHQW��

/HDG�,QGXVWULHV�$VVRFLDWLRQ�Y��(3$��VXSUD������)��G�DW���������

6HFWLRQ�����G�����RI�WKH�$FW��HQDFWHG�LQ�������UHTXLUHV�WKDW��QRW�ODWHU�WKDQ�'HFHPEHU

����������DQG�DW���\HDU�LQWHUYDOV�WKHUHDIWHU��WKH�$GPLQLVWUDWRU�VKDOO�FRPSOHWH�D�WKRURXJK

UHYLHZ�RI�WKH�FULWHULD�SXEOLVKHG�XQGHU�VHFWLRQ�����DQG�WKH�QDWLRQDO�DPELHQW�DLU�TXDOLW\

VWDQGDUGV�������DQG�VKDOO�PDNH�VXFK�UHYLVLRQV�LQ�VXFK�FULWHULD�DQG�VWDQGDUGV�DQG�SURPXOJDWH

VXFK�QHZ�VWDQGDUGV�DV�PD\�EH�DSSURSULDWH�����������6HFWLRQ�����G�����UHTXLUHV�WKDW�DQ

LQGHSHQGHQW�VFLHQWLILF�UHYLHZ�FRPPLWWHH�EH�DSSRLQWHG�DQG�SURYLGHV�WKDW�DW�FRUUHVSRQGLQJ

LQWHUYDOV�WKH�FRPPLWWHH��VKDOO�FRPSOHWH�D�UHYLHZ�RI�WKH�FULWHULD�������DQG�WKH�QDWLRQDO�SULPDU\

DQG�VHFRQGDU\�DPELHQW�DLU�TXDOLW\�VWDQGDUGV�������DQG�VKDOO�UHFRPPHQG�WR�WKH�$GPLQLVWUDWRU�DQ\

QHZ�������VWDQGDUGV�DQG�UHYLVLRQV�RI�H[LVWLQJ�FULWHULD�DQG�VWDQGDUGV�DV�PD\�EH�DSSURSULDWH
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����������6LQFH�WKH�HDUO\�����
V��WKLV�LQGHSHQGHQW�UHYLHZ�IXQFWLRQ�KDV�EHHQ�SHUIRUPHG�E\�WKH

&OHDQ�$LU�6FLHQWLILF�$GYLVRU\�&RPPLWWHH��&$6$&��RI�(3$
V�6FLHQFH�$GYLVRU\�%RDUG�

%� +LVWRU\�RI�1$$46�5HYLHZV

�� (VWDEOLVKPHQW�RI�1$$46�IRU�3KRWRFKHPLFDO�2[LGDQWV

2Q�$SULO�����������WKH�(3$�SURPXOJDWHG�1$$46�IRU�SKRWRFKHPLFDO�R[LGDQWV�XQGHU

VHFWLRQ�����RI�WKH�$FW�����)5���������,GHQWLFDO�SULPDU\�DQG�VHFRQGDU\�1$$46�ZHUH�VHW�DW�DQ

KRXUO\�DYHUDJH�RI������SDUWV�SHU�PLOOLRQ��SSP��WRWDO�SKRWRFKHPLFDO�R[LGDQWV�QRW�WR�EH�H[FHHGHG

PRUH�WKDQ���KU�SHU�\HDU���6FLHQWLILF�DQG�WHFKQLFDO�EDVHV�IRU�WKHVH�1$$46�ZHUH�SURYLGHG�LQ�WKH

GRFXPHQW��$LU�4XDOLW\�&ULWHULD�IRU�3KRWRFKHPLFDO�2[LGDQWV��8�6��'+(:����������7KH

SULPDU\�VWDQGDUG�ZDV�EDVHG�LQ�SDUW�RQ�VHYHUDO�HSLGHPLRORJ\�VWXGLHV��6FKRHWWOLQ�DQG�/DQGDX�

������0RWOH\�HW�DO���������5RNDZ�DQG�0DVVH\��������FRQGXFWHG�LQ�/RV�$QJHOHV��ZKLFK

UHSRUWHG�D�UHODWLRQVKLS�EHWZHHQ�DPELHQW�R[LGDQW�OHYHOV�DQG�DJJUDYDWLRQ�RI�UHVSLUDWRU\�GLVHDVH��

7KH�VHFRQGDU\�VWDQGDUG�ZDV�EDVHG�RQ�HYLGHQFH�RI�DFXWH�DQG�FKURQLF�YHJHWDWLRQ�LQMXU\�DQG

SK\VLRORJLFDO�HIIHFWV��LQFOXGLQJ�JURZWK�DOWHUDWLRQV��UHGXFHG�\LHOGV��DQG�FKDQJHV�LQ�WKH�TXDOLW\

RI�SODQW�SURGXFWV��8�6��'+(:��������S��������

�� 5HYLHZ�DQG�5HYLVLRQ�RI�1$$46�IRU�3KRWRFKHPLFDO�2[LGDQWV

,Q�������WKH�(3$�DQQRXQFHG�����)5��������WKDW�LW�ZDV�UHYLHZLQJ�WKH������&ULWHULD

'RFXPHQW�LQ�DFFRUGDQFH�ZLWK�VHFWLRQ�����G�����RI�WKH�$FW�DQG��LQ�������SXEOLVKHG�D�UHYLVHG

&ULWHULD�'RFXPHQW��8�6��(3$����������%DVHG�RQ�WKH�UHYLVHG�&ULWHULD�'RFXPHQW��(3$

SXEOLVKHG�SURSRVHG�UHYLVLRQV�WR�WKH�RULJLQDO�1$$46�LQ����������)5��������DQG�ILQDO�UHYLVLRQV

LQ����������)5���������7KH�SULPDU\�VWDQGDUG�ZDV�UHYLVHG�IURP������SSP�WR������SSP��WKH

VHFRQGDU\�VWDQGDUG�ZDV�VHW�LGHQWLFDO�WR�WKH�SULPDU\�VWDQGDUG��WKH�FKHPLFDO�GHVLJQDWLRQ�RI�WKH

VWDQGDUGV�ZDV�FKDQJHG�IURP�SKRWRFKHPLFDO�R[LGDQWV�WR�2���DQG�WKH�IRUP�RI�WKH�VWDQGDUGV�ZDV

UHYLVHG�IURP�D�GHWHUPLQLVWLF�IRUP�WR�D�VWDWLVWLFDO�IRUP��ZKLFK�GHILQHG�DWWDLQPHQW�RI�WKH

VWDQGDUGV�DV�RFFXUULQJ�ZKHQ�WKH�H[SHFWHG�QXPEHU�RI�GD\V�SHU�FDOHQGDU�\HDU�ZLWK�PD[LPXP

KRXUO\�DYHUDJH�FRQFHQWUDWLRQV�JUHDWHU�WKDQ������SSP�LV�HTXDO�WR�RU�OHVV�WKDQ�RQH���7KH�UHYLVHG

VWDQGDUGV�ZHUH�XSKHOG�RQ�MXGLFLDO�DSSHDO���$PHULFDQ�3HWUROHXP�,QVWLWXWH�Y��&RVWOH��VXSUD�
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�� 6XEVHTXHQW�5HYLHZ�RI�2]RQH�1$$46

,Q����������)5���������WKH�(3$�DQQRXQFHG�SODQV�WR�UHYLVH�WKH������&ULWHULD

'RFXPHQW���,Q�������WKH�(3$�DQQRXQFHG�����)5��������WKDW�UHYLHZ�RI�SULPDU\�DQG�VHFRQGDU\

VWDQGDUGV�IRU�2��KDG�EHHQ�LQLWLDWHG���7KH�(3$�VXEVHTXHQWO\�SURYLGHG�D�QXPEHU�RI�RSSRUWXQLWLHV

IRU�SXEOLF�UHYLHZ�DQG�FRPPHQW�RQ�GUDIWV�RI�WKH�&ULWHULD�'RFXPHQW�DQG�DVVRFLDWHG�6WDII�3DSHU

�8�6��(3$����������$IWHU�UHYLHZLQJ�WKH�GUDIW�&ULWHULD�'RFXPHQW�LQ������DQG�������WKH

&$6$&�VHQW�WR�WKH�$GPLQLVWUDWRU�D��FORVXUH�OHWWHU��RXWOLQLQJ�NH\�LVVXHV�DQG�UHFRPPHQGDWLRQV

LQGLFDWLQJ�WKDW�LW�ZDV�VDWLVILHG�ZLWK�WKH�ILQDO�GUDIW�RI�WKH������&ULWHULD�'RFXPHQW��8�6��(3$�

������

)ROORZLQJ�FORVXUH��D�QXPEHU�RI�VFLHQWLILF�DUWLFOHV�DQG�DEVWUDFWV�ZHUH�SXEOLVKHG�RU

DFFHSWHG�IRU�SXEOLFDWLRQ�WKDW�DSSHDUHG�WR�EH�RI�VXIILFLHQW�LPSRUWDQFH�FRQFHUQLQJ�SRWHQWLDO

KHDOWK�DQG�ZHOIDUH�HIIHFWV�RI�2��WR�ZDUUDQW�SUHSDUDWLRQ�RI�D�6XSSOHPHQW�WR�WKH������&ULWHULD

'RFXPHQW��8�6��(3$����������7KH�&$6$&��KDYLQJ�DOUHDG\�UHYLHZHG�WZR�GUDIWV�RI�WKH�6WDII

3DSHU�LQ������DQG�������FRQFOXGHG�WKDW�VXIILFLHQW�QHZ�LQIRUPDWLRQ�H[LVWHG�WR�UHFRPPHQG

LQFRUSRUDWLRQ�RI�UHOHYDQW�QHZ�LQIRUPDWLRQ�LQWR�D�WKLUG�GUDIW�RI�WKH�6WDII�3DSHU�

7KH�&$6$&�KHOG�D�SXEOLF�PHHWLQJ�LQ������WR�UHYLHZ�D�GUDIW�6XSSOHPHQW�DQG�WKH�WKLUG

GUDIW�6WDII�3DSHU���0DMRU�LVVXHV�LQFOXGHG�WKH�GHILQLWLRQ�RI�DGYHUVH�KHDOWK�HIIHFWV�RI�2���WKH

VLJQLILFDQFH�RI�KHDOWK�VWXGLHV�VXJJHVWLQJ�WKDW�H[HUFLVLQJ�LQGLYLGXDOV�H[SRVHG�IRU���WR���KRXUV�WR

2��OHYHOV�DW�RU�EHORZ������SSP�PD\�H[SHULHQFH�OXQJ�LQIODPPDWLRQ�DQG�WUDQVLHQW�GHFUHDVHV�LQ

SXOPRQDU\�IXQFWLRQ��WKH�SRVVLELOLW\�WKDW�FKURQLF�LUUHYHUVLEOH�HIIHFWV�PD\�UHVXOW�IURP�ORQJ�WHUP

H[SRVXUHV�WR�HOHYDWHG�OHYHOV�RI�2���DQG�WKH�LPSRUWDQFH�RI�DQDO\VHV�LQGLFDWLQJ�WKDW�DJULFXOWXUDO

FURS�GDPDJH�PD\�EH�EHWWHU�GHILQHG�E\�D�FXPXODWLYH�VHDVRQDO�DYHUDJH�WKDQ�E\�D���KU�SHDN�OHYHO

RI�2����,Q�LWV�FORVXUH�OHWWHU�RI����������)5���������WKH�&$6$&�LQGLFDWHG�WKDW�WKH�GUDIW

6XSSOHPHQW�DQG�GUDIW�6WDII�3DSHU��SURYLGH�DQ�DGHTXDWH�VFLHQWLILF�EDVLV�IRU�WKH�(3$�WR�UHWDLQ�RU

UHYLVH�SULPDU\�DQG�VHFRQGDU\�VWDQGDUGV�IRU�R]RQH����:LWK�UHJDUG�WR�WKH�HPHUJLQJ�GDWDEDVH�RQ

H[SRVXUHV�RI���KRXUV�RU�PRUH��&$6$&�FRQFOXGHG�WKDW�VXFK�LQIRUPDWLRQ�FRXOG�EHWWHU�EH

FRQVLGHUHG�LQ�WKH�QH[W�UHYLHZ�RI�WKH�R]RQH�1$$46�

2Q�2FWREHU�����������WKH�$PHULFDQ�/XQJ�$VVRFLDWLRQ��$/$��DQG�RWKHU�SODLQWLIIV�ILOHG

VXLW�XQGHU�VHFWLRQ�����RI�WKH�$FW�WR�FRPSHO�WKH�(3$�WR�FRPSOHWH�LWV�UHYLHZ�RI�WKH�FULWHULD�DQG
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VWDQGDUGV�IRU�2����7KH�8�6��'LVWULFW�&RXUW�IRU�WKH�(DVWHUQ�'LVWULFW�RI�1HZ�<RUN�VXEVHTXHQWO\

LVVXHG�DQ�RUGHU�UHTXLULQJ�WKH�$GPLQLVWUDWRU�WR�VLJQ�D�)HGHUDO�5HJLVWHU�QRWLFH�DQQRXQFLQJ�LWV

SURSRVHG�GHFLVLRQ�RQ�ZKHWKHU�WR�UHYLVH�WKH�VWDQGDUGV�IRU�2��E\�$XJXVW���������DQG�WR�VLJQ�D

)HGHUDO�5HJLVWHU�QRWLFH�DQQRXQFLQJ�(3$
V�ILQDO�GHFLVLRQ�E\�0DUFK���������

2Q�$XJXVW��������������)5���������WKH�(3$�SXEOLVKHG�D�SURSRVHG�GHFLVLRQ�XQGHU

VHFWLRQ�����G�����WKDW�UHYLVLRQV�WR�WKH�H[LVWLQJ�SULPDU\�DQG�VHFRQGDU\�VWDQGDUGV�ZHUH�QRW

DSSURSULDWH�DW�WKDW�WLPH���7KH�QRWLFH�H[SODLQHG��VHH����)5��������WKDW�WKH�SURSRVHG�GHFLVLRQ

ZRXOG�FRPSOHWH�WKH�(3$
V�UHYLHZ�RI�LQIRUPDWLRQ�RQ�KHDOWK�DQG�ZHOIDUH�HIIHFWV�RI�2��DVVHPEOHG

RYHU�D���\HDU�SHULRG�DQG�FRQWDLQHG�LQ�WKH������&ULWHULD�'RFXPHQW�DQG�LWV�6XSSOHPHQW���7KH

QRWLFH�LQGLFDWHG�WKDW�WKH�$GPLQLVWUDWRU�KDG�QRW�WDNHQ�LQWR�DFFRXQW�PRUH�UHFHQW�VWXGLHV�RQ�WKH

KHDOWK�DQG�ZHOIDUH�HIIHFWV�RI�2��EHFDXVH�WKHVH�VWXGLHV�KDG�QRW�EHHQ�DVVHVVHG�LQ�WKH�����

&ULWHULD�'RFXPHQW�RU�LWV�6XSSOHPHQW��QRU�KDG�WKH\�FROOHFWLYHO\�XQGHUJRQH�WKH�ULJRURXV�

LQWHJUDWLYH�UHYLHZ�SURFHVV��LQFOXGLQJ�&$6$&�UHYLHZ��QHFHVVDU\�WR�LQFRUSRUDWH�WKHP�LQWR�D

QHZ�FULWHULD�GRFXPHQW���%HFDXVH�WKDW�SURFHVV�DQG�RWKHU�QHFHVVDU\�VWHSV�FRXOG�QRW��LQ�(3$
V

YLHZ��EH�FRPSOHWHG�LQ�WLPH�WR�PHHW�WKH�0DUFK������GHDGOLQH�IRU�D�ILQDO�GHFLVLRQ��WKH�SURSRVHG

GHFLVLRQ�ZDV�EDVHG�RQ�(3$
V�HYDOXDWLRQ�RI�NH\�LQIRUPDWLRQ�SXEOLVKHG�WKURXJK�HDUO\�������DV

FRQWDLQHG�LQ�WKH������&ULWHULD�'RFXPHQW�DQG�LWV�6XSSOHPHQW��WKH������6WDII�3DSHU�DVVHVVPHQW

RI�WKH�PRVW�UHOHYDQW�LQIRUPDWLRQ�LQ�WKHVH�GRFXPHQWV��DQG�WKH�DGYLFH�DQG�UHFRPPHQGDWLRQV�RI

WKH�&$6$&�DV�SUHVHQWHG�ERWK�LQ�WKH�GLVFXVVLRQ�RI�WKHVH�GRFXPHQWV�DW�SXEOLF�PHHWLQJV�DQG�LQ

WKH�&$6$&
V������DQG������FORVXUH�OHWWHUV�

�,Q�YLHZ�RI�WKH�SRWHQWLDO�VLJQLILFDQFH�RI�WKH�PRUH�UHFHQW�VFLHQWLILF�SDSHUV��DV�ZHOO�DV

RQJRLQJ�UHVHDUFK�RQ�WKH�KHDOWK�DQG�ZHOIDUH�HIIHFWV�RI�2���WKH�$XJXVW����������QRWLFH�DOVR

DQQRXQFHG�WKH�(3$
V�LQWHQWLRQ�WR�SURFHHG�DV�UDSLGO\�DV�SRVVLEOH�ZLWK�WKH�QH[W�UHYLHZ�RI�WKH�DLU

TXDOLW\�FULWHULD�DQG�VWDQGDUGV�IRU�2����6KRUWO\�WKHUHDIWHU��WKH�(3$
V�(QYLURQPHQWDO�&ULWHULD�DQG

$VVHVVPHQW�2IILFH��(&$2��IRUPDOO\�LQLWLDWHG�DFWLRQ�WR�XSGDWH�WKH������&ULWHULD�'RFXPHQW�DQG

LWV�6XSSOHPHQW�����)5��������

2Q�0DUFK�������������)5���������WKH�(3$�SXEOLVKHG�D�ILQDO�GHFLVLRQ�FRQFOXGLQJ�WKDW

UHYLVLRQV�WR�WKH�FXUUHQW�SULPDU\�DQG�VHFRQGDU\�1$$46�IRU�2��ZHUH�QRW�DSSURSULDWH�DW�WKDW

WLPH���*LYHQ�WKH�SRWHQWLDO�LPSRUWDQFH�RI�WKH�QHZ�VWXGLHV�DQG�WKH�(3$
V�FRQWLQXLQJ�FRQFHUQ
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DERXW�WKH�KHDOWK�DQG�ZHOIDUH�HIIHFWV�RI�2���WKH�0DUFK���������QRWLFH�HPSKDVL]HG�WKH

$GPLQLVWUDWRU
V�LQWHQWLRQ�WR�FRPSOHWH�WKH�QH[W�UHYLHZ�RI�WKH�1$$46�DV�UDSLGO\�DV�SRVVLEOH

DQG��LI�DSSURSULDWH��WR�SURSRVH�UHYLVLRQV�RI�WKH�VWDQGDUGV�DW�WKH�HDUOLHVW�SRVVLEOH�GDWH���7KH

$GPLQLVWUDWRU�VXEVHTXHQWO\�DGRSWHG�D�VXEVWDQWLDOO\�DFFHOHUDWHG�VFKHGXOH�IRU�WKH�QH[W�UHYLHZ����

)5�������

7KH�$/$�VRXJKW�MXGLFLDO�UHYLHZ�RI�WKH�0DUFK������GHFLVLRQ�XQGHU�VHFWLRQ�����E��RI�WKH

$FW���1RWLQJ�WKDW�WKH�$GPLQLVWUDWRU�LQWHQGHG�WR�UHFRQVLGHU�WKDW�GHFLVLRQ�DV�UDSLGO\�DV�SRVVLEOH

LQ�OLJKW�RI�WKH�PRUH�UHFHQW�VFLHQWLILF�LQIRUPDWLRQ��(3$�VRXJKW�DQG�ZDV�VXEVHTXHQWO\�JUDQWHG�D

YROXQWDU\�UHPDQG�RI�$/$
V�SHWLWLRQ�IRU�UHYLHZ�

�� &XUUHQW�5HYLHZ�RI�2]RQH�1$$46

$V�LQGLFDWHG�DERYH��(&$2�LQLWLDWHG�DFWLRQ�WR�XSGDWH�WKH�DLU�TXDOLW\�FULWHULD�GRFXPHQW

IRU�2��LQ�$XJXVW����������)5����������$�VHULHV�RI�SHHU�UHYLHZ�ZRUNVKRSV�ZHUH�KHOG�RQ�GUDIW

FKDSWHUV�RI�WKH�UHYLVHG�&ULWHULD�'RFXPHQW�LQ�-XO\����������)5��������DQG�6HSWHPEHU���������

)5���������DQG�D�ILUVW�H[WHUQDO�UHYLHZ�GUDIW�ZDV�PDGH�DYDLODEOH�IRU�&$6$&�DQG�SXEOLF�UHYLHZ

RQ�-DQXDU\��������������)5�������

2Q�1RYHPEHU�����������(&$2�DQG�2$436�GLVFXVVHG�ZLWK�&$6$&�����)5�������

(3$
V�DFFHOHUDWHG�VFKHGXOH�IRU�FRPSOHWLQJ�WKH�2��1$$46�UHYLHZ��IRUPDOO\�SXEOLVKHG�RQ

)HEUXDU\�������������)5���������,Q�'HFHPEHU�������2$436�FRPSOHWHG�DQ�2]RQH�1$$46

'HYHORSPHQW�3URMHFW�3ODQ��ZKLFK�LGHQWLILHG�NH\�LVVXHV�WR�EH�DGGUHVVHG�LQ�WKLV�6WDII�3DSHU�DQG

WKH�EDVLV�IRU�WKH�LQLWLDO�VFLHQWLILF�DQG�WHFKQLFDO�DVVHVVPHQWV�SODQQHG�WR�DGGUHVV�WKH�LVVXHV��

2$436�DOVR�PHW�ZLWK�D�VXEFRPPLWWHH�RI�WKH�&$6$&�LQ�'HFHPEHU����������)5��������DQG

0DUFK������WR�GLVFXVV�PHWKRGRORJLHV�XVHG�LQ�WKH�H[SRVXUH�DQG�ULVN�DVVHVVPHQWV�VXPPDUL]HG�LQ

WKLV�6WDII�3DSHU��

7KH�&$6$&�UHYLHZHG�WKH�ILUVW�H[WHUQDO�UHYLHZ�GUDIW�RI�WKH�UHYLVHG�&ULWHULD�'RFXPHQW

�&'��DW�D�SXEOLF�PHHWLQJ�KHOG�RQ�-XO\�������������DQG�PDGH�UHFRPPHQGDWLRQV�IRU�UHYLVLRQV��

$W�D�SXEOLF�PHHWLQJ�KHOG�RQ�0DUFK��������������WKH�&$6$&�UHYLHZHG�D�VHFRQG�H[WHUQDO

UHYLHZ�GUDIW�RI�WKH�&'�DQG�D�ILUVW�H[WHUQDO�UHYLHZ�GUDIW�RI�WKH�EDVLV�IRU�WKH�SULPDU\�VWDQGDUG

FRQWDLQHG�LQ�WKLV�6WDII�3DSHU���)ROORZLQJ�UHYLVLRQV�RI�ERWK�WKH�&'�DQG�WKH�6WDII�3DSHU��DQ

H[WHUQDO�UHYLHZ�GUDIW�RI�WKH�HQWLUH�6WDII�3DSHU�DQG�&KDSWHU���RI�WKH�&'�ZHUH�UHYLHZHG�DW�D
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SXEOLF�PHHWLQJ�KHOG�RQ�6HSWHPEHU���������������)ROORZLQJ�WKDW�PHHWLQJ��OHWWHUV�ZHUH

IRUZDUGHG�E\�WKH�&KDLUPDQ�RI�&$6$&�WR�WKH�$GPLQLVWUDWRU�RI�(3$�ZKLFK�FDPH�WR�FORVXUH�RQ

WKH�GUDIW�&'�DQG�RQ�WKH�SULPDU\�SRUWLRQ�RI�WKH�GUDIW�6WDII�3DSHU���7KHVH�OHWWHUV�GDWHG

1RYHPEHU����������DQG�1RYHPEHU�����������UHVSHFWLYHO\��DUH�UHSURGXFHG�LQ�$SSHQGL[�*�RI

WKLV�6WDII�3DSHU���)LQDOO\��DW�D�SXEOLF�PHHWLQJ�KHOG�RQ�0DUFK�����������WKH�PDMRULW\�RI�WKH

&$6$&�PHPEHUV�FDPH�WR�FORVXUH�RQ�WKH�VHFRQGDU\�VWDQGDUG�SRUWLRQ�RI�WKH�GUDIW�6WDII�3DSHU��

7KH�FORVXUH�OHWWHU�VHQW�IURP�WKH�&$6$&�&KDLUPDQ�WR�WKH�(3$�$GPLQLVWUDWRU�GDWHG�$SULO���

�����LV�UHSURGXFHG�LQ�$SSHQGL[�*�RI�WKLV�6WDII�3DSHU�



�

,,,� $3352$&+

7KLV�6WDII�3DSHU�LV�EDVHG�RQ�WKH�VFLHQWLILF�HYLGHQFH�LQ�WKH�&'���4XDQWLWDWLYH�DVVHVVPHQWV

RI�KXPDQ�H[SRVXUH�DQG�KHDOWK�ULVNV��YHJHWDWLRQ�H[SRVXUH��ULVN��DQG�HFRQRPLF�EHQHILWV��DQG�DLU

TXDOLW\�FRPSDULVRQV�SURYLGH�DGGLWLRQDO�LQIRUPDWLRQ�FRQVLGHUHG�E\�WKH�(3$�VWDII�LQ�HYDOXDWLQJ

WKH�DSSURSULDWHQHVV�RI�UHYLVLQJ�WKH�FXUUHQW�SULPDU\�DQG�VHFRQGDU\�1$$46�DQG�LQ�DVVHVVLQJ

SRWHQWLDO�DOWHUQDWLYH�1$$46�

&ULWLFDO�HOHPHQWV�DUH�LGHQWLILHG�LQ�WKLV�6WDII�3DSHU�ZKLFK�WKH�VWDII�EHOLHYHV�VKRXOG�EH

FRQVLGHUHG�LQ�WKLV�UHYLHZ�RI�WKH�2��1$$46���$WWHQWLRQ�LV�GUDZQ�WR�MXGJPHQWV�WKDW�PXVW�EH

EDVHG�RQ�FDUHIXO�LQWHUSUHWDWLRQ�RI�LQFRPSOHWH�RU�XQFHUWDLQ�HYLGHQFH���,Q�VXFK�LQVWDQFHV��WKH

6WDII�3DSHU�SURYLGHV�WKH�VWDII
V�HYDOXDWLRQ��VHWV�IRUWK�DOWHUQDWLYHV�WKH�VWDII�EHOLHYHV�VKRXOG�EH

FRQVLGHUHG��DQG�UHFRPPHQGV�D�FRXUVH�RI�DFWLRQ�

$� %DVHV�IRU�$QDO\WLF�$VVHVVPHQWV

7R�PHHW�WKH�DFFHOHUDWHG�VFKHGXOH�HVWDEOLVKHG�E\�WKH�$GPLQLVWUDWRU�IRU�WKLV�UHYLHZ�RI�WKH

R]RQH�1$$46��WKH�2$436�2]RQH�1$$46�'HYHORSPHQW�3URMHFW�3ODQ�LGHQWLILHG�VHYHUDO

DOWHUQDWLYH�SULPDU\�DQG�VHFRQGDU\�VWDQGDUGV�WR�SURYLGH�D�EDVLV�IRU�YDULRXV�LQLWLDO�DQDO\WLF

DVVHVVPHQWV�RI�DLU�TXDOLW\��KXPDQ�H[SRVXUH�DQG�KHDOWK�ULVNV��DQG�FURS�\LHOG�ORVV���,Q�VR�GRLQJ�

WKH�VWDII�UHFRJQL]HG�WKDW�DGGLWLRQDO�DOWHUQDWLYHV�PLJKW�QHHG�WR�EH�DQDO\]HG�DV�WKH�UHYLHZ�SURFHVV

�FRQWLQXHV��H�J���DV�D�UHVXOW�RI�&$6$&�DQG�SXEOLF�UHYLHZV�RI�WKH�&'�DQG�6WDII�3DSHU�GUDIWV�

7KH�3ODQ�LGHQWLILHG�WKH�IROORZLQJ�DOWHUQDWLYH�SULPDU\�VWDQGDUGV�IRU�XVH�LQ�LQLWLDO�DQDO\WLF

DVVHVVPHQWV�

7KH�FXUUHQW���KU�VWDQGDUG�DW�D�OHYHO�RI������SSP��ZLWK�D�PD[LPXP�H[SHFWHG
H[FHHGDQFH�UDWH�RI�RQH�SHU�\HDU��DYHUDJHG�RYHU���\HDUV��

$Q���KU�VWDQGDUG�LQ�WKH�UDQJH�RI�����������SSP��ZLWK�D�PD[LPXP�H[SHFWHG
H[FHHGDQFH�UDWH�RI�RQH�SHU�\HDU��DYHUDJHG�RYHU���\HDUV��

$Q���KU�VWDQGDUG�LQ�WKH�UDQJH�RI�����������SSP��ZLWK�D�PD[LPXP�H[SHFWHG
H[FHHGDQFH�UDWH�RI�ILYH�SHU�\HDU��DYHUDJHG�RYHU���\HDUV��

7KH�IROORZLQJ�DOWHUQDWLYH�VWDQGDUG�ZDV�VXEVHTXHQWO\�DGGHG�

$Q���KU�VWDQGDUG�DW�D�OHYHO�RI������SSP��ZLWK�D�PD[LPXP�H[SHFWHG�H[FHHGDQFH
UDWH�RI�RQH�SHU�\HDU��DYHUDJHG�RYHU���\HDUV��

$OWHUQDWLYH�FRQFHQWUDWLRQ�EDVHG�IRUPV��H�J���WKH��QG�WR��WK�KLJKHVW���KU�GDLO\�PD[LPXP
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FRQFHQWUDWLRQ��DYHUDJHG�RYHU���\HDUV��IRU�YDULRXV�DOWHUQDWLYH�VWDQGDUGV�KDYH�DOVR�EHHQ

DVVHVVHG��DV�GLVFXVVHG�LQ�6HFWLRQ�9�,�

6LPLODUO\��WKH�3ODQ�LGHQWLILHG�WKH�IROORZLQJ�DOWHUQDWLYH�VHFRQGDU\�VWDQGDUGV�IRU�XVH�LQ

LQLWLDO�DQDO\WLF�DVVHVVPHQWV�

$�VWDQGDUG�ZLWK�D�IRUP�WKDW�LV�VHDVRQDO��FXPXODWLYH��DQG�SHDN�ZHLJKWHG��
6SHFLILFDOO\�

� D�680���VWDQGDUG��ZKLFK�VXPV�DOO�KRXUO\�2��FRQFHQWUDWLRQV�RI������SSP
DQG�KLJKHU�RYHU�D�VSHFLILHG�SHULRG�RI�WLPH��LQ�WKH�UDQJH�RI����������
SSP�KUV�IRU�WKH�PD[LPXP���FDOHQGDU�PRQWK�SHULRG�

� D�680���VWDQGDUG��ZKLFK�VXPV�DOO�KRXUO\�2��FRQFHQWUDWLRQV�RI������SSP
DQG�KLJKHU�RYHU�D�VSHFLILHG�SHULRG�RI�WLPH��DW�D�OHYHO�HTXLYDOHQW�LQ�FURS
SURWHFWLRQ�WR�WKH�UDQJH�RI�680���RSWLRQV�

$Q���KU�VHFRQGDU\�VWDQGDUG�HTXLYDOHQW�WR�DQ\���KU�SULPDU\�VWDQGDUG�WKDW�PD\�EH
HVWDEOLVKHG�

$GGLWLRQDO�VHDVRQDO��FXPXODWLYH��SHDN�ZHLJKWHG�IRUPV�WKDW�LQFRUSRUDWH�SHDN�ZHLJKWLQJ

IXQFWLRQV�RWKHU�WKDQ�WKH�680[[�IRUP�KDYH�DOVR�EHHQ�DVVHVVHG��DV�GLVFXVVHG�LQ�6HFWLRQ�9,,�RI

WKLV�6WDII�3DSHU�

%� 2UJDQL]DWLRQ�RI�'RFXPHQW

7KLV�6WDII�3DSHU�LV�RUJDQL]HG�LQWR�VHFWLRQV�DV�RXWOLQHG�EHORZ���6HFWLRQ�,9�SURYLGHV�D

VXPPDU\�RI�DLU�TXDOLW\�WUHQGV��DLU�TXDOLW\�GLVWULEXWLRQV��DQG�D�FKDUDFWHUL]DWLRQ�RI�R]RQH

EDFNJURXQG�FRQFHQWUDWLRQV�

6HFWLRQ�9�SUHVHQWV�GLVFXVVLRQV�RI�PHFKDQLVPV�RI�KXPDQ�WR[LFLW\��IDFWRUV�ZKLFK�PRGLI\

UHVSRQVHV��HIIHFWV�RI�FRQFHUQ�DQG�HIIHFW�OHYHOV��SRSXODWLRQV�SRWHQWLDOO\�DW�ULVN��DQG�H[SRVXUH

DQG�ULVN�DQDO\VHV���6WDII�MXGJPHQWV�DUH�PDGH�FRQFHUQLQJ�ZKLFK�HIIHFWV�DUH�LPSRUWDQW�IRU�WKH

$GPLQLVWUDWRU�WR�FRQVLGHU�LQ�VHOHFWLQJ�DSSURSULDWH�SULPDU\�VWDQGDUG�V��

6HFWLRQ�9,�GLVFXVVHV�IDFWRUV�LPSRUWDQW�LQ�VHOHFWLQJ�SULPDU\�VWDQGDUG�V��LQFOXGLQJ

DOWHUQDWLYH�DYHUDJLQJ�WLPHV�DQG�IRUPV�RI�WKH�VWDQGDUG���'UDZLQJ�RQ�WKHVH�IDFWRUV�DQG�RQ
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LQIRUPDWLRQ�FRQWDLQHG�LQ�6HFWLRQ�9��VWDII�FRQFOXVLRQV�DQG�UHFRPPHQGDWLRQV�DUH�SUHVHQWHG�IRU

WKH�$GPLQLVWUDWRU�WR�FRQVLGHU�LQ�VHOHFWLQJ�DSSURSULDWH�SULPDU\�2��1$$46�

,Q�D�VLPLODU�DSSURDFK�IRU�VHOHFWLQJ�DSSURSULDWH�VHFRQGDU\�VWDQGDUG�V���6HFWLRQ�9,,�RI

SURYLGHV�LQIRUPDWLRQ�RQ�PRGH�RI�YHJHWDWLRQ�UHVSRQVH��IDFWRUV�WKDW�PRGLI\�SODQW�UHVSRQVH�

HIIHFWV�RQ�YHJHWDWLRQ�DQG�QDWXUDO�HFRV\VWHPV��H[SRVXUH�LQGLFHV��DQG�H[SRVXUH��ULVN��DQG

HFRQRPLF�EHQHILWV�DVVHVVPHQWV���%DVHG�RQ�WKLV�LQIRUPDWLRQ��6HFWLRQ�9,,,�GLVFXVVHV�DOWHUQDWLYH

IRUPV��DYHUDJLQJ�WLPHV��DQG�OHYHOV�IRU�WKH�VHFRQGDU\�1$$46��DQG�RIIHUV�VWDII�FRQFOXVLRQV�DQG

UHFRPPHQGDWLRQV�IRU�WKH�$GPLQLVWUDWRU�WR�FRQVLGHU�LQ�VHOHFWLQJ�DSSURSULDWH�VHFRQGDU\�2�

1$$46�
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,9���$,5�48$/,7<�&+$5$&7(5,=$7,21

7KLV�VHFWLRQ�SURYLGHV�VXPPDULHV�RI�2��DLU�TXDOLW\�WUHQGV�DQG�WKH�VSDWLDO�DQG�WHPSRUDO

GLVWULEXWLRQ�RI�2��DLU�TXDOLW\�FRQFHQWUDWLRQV���7KH�FRQFHSW�RI�2��EDFNJURXQG�LV�DOVR�SUHVHQWHG�

WRJHWKHU�ZLWK�HVWLPDWHV�RI�EDFNJURXQG�FRQFHQWUDWLRQV�DW�JURXQG�OHYHO�IRU�YDULRXV�DYHUDJLQJ

WLPHV�

$� $LU�4XDOLW\�7UHQGV

6WDWHV�DQG�ORFDO�DLU�SROOXWLRQ�FRQWURO�DJHQFLHV�PHDVXUHG�JURXQG�OHYHO�KRXUO\�2�

FRQFHQWUDWLRQV�DW�����PRQLWRULQJ�VWDWLRQV�WKURXJKRXW�WKH�QDWLRQ�GXULQJ��������0RVW�RI�WKHVH

PRQLWRULQJ�VLWHV�DUH�ORFDWHG�LQ�XUEDQ�DQG�VXEXUEDQ�DUHD�ORFDWLRQV��ZLWK�IDU�OHVV�IUHTXHQW

PHDVXUHPHQW�LQ�UXUDO�DUHDV���7KHVH�GDWD�FRQVWLWXWH�WKH�DPELHQW�GDWD�EDVH�XVHG�LQ�WKLV�VWDII

SDSHU�WR�DVVHVV�2��DLU�TXDOLW\�WUHQGV��DV�ZHOO�DV�WR�FRPSDUH�VHOHFWHG�DOWHUQDWLYH�VWDQGDUGV�

7KH�LQWHUSUHWDWLRQ�RI�UHFHQW�2��WUHQGV�LV�GLIILFXOW�GXH�WR�WKH�ODUJH�WHPSRUDO�YDULDWLRQ�WKDW

UHVXOWV�IURP�WKH�FRQIRXQGLQJ�IDFWRUV�RI�PHWHRURORJ\�DQG�HPLVVLRQV�FKDQJHV���3HDN�2�

FRQFHQWUDWLRQV�W\SLFDOO\�RFFXU�GXULQJ�KRW��GU\��VWDJQDQW�VXPPHUWLPH�FRQGLWLRQV���7KXV�

6XPPHU�������DV�WKH�WKLUG�KRWWHVW�VXPPHU�RQ�UHFRUG�VLQFH�������ZDV�KLJKO\�FRQGXFLYH�WR�2�

IRUPDWLRQ�ZLWK�SHDN�2��OHYHOV�FRPSDUDEOH�WR�WKRVH�UHFRUGHG�LQ�WKH�HDUOLHU�SHDN�\HDU�RI�������� 0HWHRURORJL

UHFRUGHG�LQ��������,Q�FRQWUDVW��WKH�\HDUV������DQG������VDZ�PHWHRURORJLFDO�FRQGLWLRQV�WKDW

ZHUH�JHQHUDOO\�QRW�DV�FRQGXFLYH�WR�2��IRUPDWLRQ���7KHVH�FKDQJHV�LQ�PHWHRURORJLFDO�FRQGLWLRQV

KDYH�OHG�WR�ODUJH�\HDU�WR�\HDU�GLIIHUHQFHV�LQ�SHDN�2��FRQFHQWUDWLRQV���,Q�UHVSRQVH�WR�WKH

1DWLRQDO�$FDGHP\�RI�6FLHQFHV�UHFRPPHQGDWLRQV��1$6���������(3$�KDV�GHYHORSHG�D�VWDWLVWLFDO

PRGHO��&R[�DQG�&KX��������WKDW�DGMXVWV�IRU�PHWHRURORJLFDO�YDULDELOLW\�WR�GHWHFW�WKH�XQGHUO\LQJ

2��WUHQG�



��

)LJXUH�,9���SUHVHQWV�WKH�PHWHRURORJLFDOO\�DGMXVWHG��DQG�XQDGMXVWHG��WHQ�\HDU�2��WUHQGV

LQ����PHWURSROLWDQ�DUHDV���7KH���WK�SHUFHQWLOH�GDLO\�PD[LPXP���KRXU�FRQFHQWUDWLRQ�GHFOLQHG��

SHUFHQW�SHU�\HDU�RU����SHUFHQW�VLQFH��������7KH�QDWLRQDO�WUHQG�LQ�WKH�FRPSRVLWH�PHDQ�RI�WKH

DQQXDO�VHFRQG�KLJKHVW�GDLO\�PD[LPXP���KRXU�FRQFHQWUDWLRQ�DW�����VLWHV�LV�VKRZQ�IRU

FRPSDULVRQ��ZKLFK�FRLQFLGHQWO\��DOVR�GHFOLQHG�E\����SHUFHQW�EHWZHHQ������DQG�������� 7KH

ODUJH�\HDU�WR�\HDU�IOXFWXDWLRQV�LQ�SHDN�2��OHYHOV�LQWURGXFHV�D�PHDVXUH�RI�LQVWDELOLW\�LQ

QRQDWWDLQPHQW�VWDWLVWLFV���$SSHQGL[�$�FRQWDLQV�DQ�H[SDQGHG�GLVFXVVLRQ�RI�ERWK�2��DLU�TXDOLW\

WUHQGV��YDULDELOLW\�LQ�QRQDWWDLQPHQW�VWDWXV��DQG�WKH�UHODWLRQVKLS�DPRQJ�DOWHUQDWLYH�DYHUDJLQJ

WLPHV��DLU�TXDOLW\�VWDWLVWLFV��DQG�VWDQGDUGV�

%� $LU�4XDOLW\�'LVWULEXWLRQV

7KLV�VHFWLRQ�SURYLGHV�D�EULHI�RYHUYLHZ�RI�KRZ�ERWK���KRXU�DQG���KRXU�2�

FRQFHQWUDWLRQV�YDU\�DFURVV�WKH�FRXQWU\�DQG�DPRQJ�GLIIHULQJ�PRQLWRULQJ�HQYLURQPHQWV���)LJXUH

,9���GLVSOD\V�D�PDS�RI�WKRVH�FRXQWLHV�ZLWK���KRXU�GDLO\�PD[LPXP����H[SHFWHG�H[FHHGDQFH�2�

GHVLJQ�YDOXHV�JUHDWHU�WKDQ������SSP�EDVHG�RQ���������DLU�TXDOLW\�PRQLWRULQJ�GDWD���7KH�EDU

FKDUW�WR�WKH�ULJKW�RI�WKH�PDS�LQGLFDWHV�WKH�QXPEHU�RI�SHRSOH�OLYLQJ�LQ�WKH�FRUUHVSRQGLQJ�VKDGHG

FRXQWLHV���)LJXUH�,9���VKRZV�WKH�VSDWLDO�GLVWULEXWLRQ�RI�FRXQWLHV�ZLWK���KRXU�GDLO\�PD[LPXP���

H[SHFWHG�H[FHHGDQFH�GHVLJQ�YDOXHV�JUHDWHU�WKDQ������SSP��EDVHG�RQ���������GDWD�DOVR���)LJXUH

,9���GHSLFWV�WKRVH�FRXQWLHV�ZLWK�D���PRQWK�680���H[SRVXUH�LQGH[�YDOXH�JUHDWHU�WKDQ����SSP�

KRXUV���7KHVH�680���YDOXHV�DUH�EDVHG�RQO\�RQ�WKH�GD\OLJKW�KRXUV�������DP��������SP�/RFDO

6WDQGDUG�7LPH��/67��LQ��������,Q�HDFK�RI�WKHVH�PDSV��WKH�FRXQW\�DLU�TXDOLW\�VWDWXV�ZDV

GHWHUPLQHG�E\�WKH�SHDN�GHVLJQ�YDOXH�VLWH�LQ�HDFK�FRXQW\���)RU�WKH�RQH�H[FHHGDQFH�VWDQGDUG

RSWLRQV��WKH�GHVLJQ�YDOXH�LV�VLPSO\�WKH�IRXUWK�KLJKHVW�FRQFHQWUDWLRQ�PHDVXUHG�GXULQJ���������

VLQFH�LI�WKH�IRXUWK�KLJKHVW�YDOXH�LV�UHGXFHG�WR�WKH�OHYHO�RI�WKH�VWDQGDUG��WKHUH�ZLOO�EH�RQO\�WKUHH

GD\V�DERYH�WKH�OHYHO�RI�WKH�VWDQGDUG��RU���H[FHHGDQFH�SHU�\HDU���6LPLODUO\��WKH�680��

H[SRVXUH�LQGH[�GHVLJQ�YDOXH�LV�VLPSO\�WKH�LQGH[�YDOXH�LWVHOI���$GGLWLRQDO�DLU�TXDOLW\

FRPSDULVRQV�DUH�SUHVHQWHG�LQ�$SSHQGL[�$��LQFOXGLQJ�DQ�H[DPLQDWLRQ�RI���



��

)LJXUH�,9��� 0HWURSROLWDQ�DUHD�2��WUHQGV�DGMXVWHG�IRU�PHWHRURORJLFDO�YDULDELOLW\����������



��

)LJXUH�,9��� 6SDWLDO�GLVWULEXWLRQ�RI�FRXQWLHV�ZLWK���KRXU�GDLO\�PD[LPXP����H[SHFWHG
H[FHHGDQFH�GHVLJQ�YDOXHV�JUHDWHU�WKDQ������SSP�EDVHG�RQ���������DLU�TXDOLW\
GDWD�



��

)LJXUH�,9��� 6SDWLDO�GLVWULEXWLRQ�RI�FRXQWLHV�ZLWK���KRXU�GDLO\�PD[LPXP����H[SHFWHG
H[FHHGDQFH�GHVLJQ�YDOXHV�JUHDWHU�WKDQ������SSP�EDVHG�RQ���������DLU�TXDOLW\
GDWD�



��

)LJXUH�,9��� 6SDWLDO�GLVWULEXWLRQ�RI�FRXQWLHV�ZLWK�KLJKHVW���PRQWK�6XP���H[SRVXUH�LQGH[
YDOXHV�JUHDWHU�WKDQ����SSP�KRXUV�LQ�������EDVHG�RQ������DP��������SP�/67
KRXUV�RQO\��



��

DOWHUQDWLYH�OHYHOV��IRUPV�DQG�LQWHUUHODWLRQVKLSV�DPRQJ�DOWHUQDWLYH�VWDQGDUGV���7KHVH

FRPSDULVRQV�DUH�VXPPDUL]HG�RQ�D�FRXQW\��PHWURSROLWDQ�DUHD��DQG�QRQDWWDLQPHQW�DUHD�EDVLV���

7KH�VWDII�KDV�DOVR�H[DPLQHG�WKH�GLIIHUHQFHV�LQ�DLU�TXDOLW\�FRQFHQWUDWLRQ�GLVWULEXWLRQV�

DPRQJ�GLIIHULQJ�PRQLWRULQJ�VLWH�ORFDWLRQ�HQYLURQPHQWV��SDUWLFXODUO\�IRU�WKH�VHFRQGDU\�VWDQGDUG

FRPSDULVRQV���)LJXUH�,9���SUHVHQWV�KLVWRJUDPV�RI�WKH�KRXUO\�2��FRQFHQWUDWLRQV�IRU�WKH�SHDN���

PRQWK�VXPPHU�SHULRG�DW�XUEDQ�DQG�GRZQZLQG�VLWHV�LQ�&KLFDJR��D�VLWH�GRZQZLQG�RI�$WODQWD�

DQG�D�VLWH�DW�KLJKHU�HOHYDWLRQ�LQ�$OEXTXHUTXH���$OO�KRXUO\�FRQFHQWUDWLRQV�HTXDO�WR��RU�JUHDWHU

WKDQ�������SSP�DUH�GLVSOD\HG�ZLWK�GDUNHU�VKDGLQJ���7KH�YDOXHV�RI�WKUHH�DOWHUQDWLYH�H[SRVXUH

LQGLFHV�IRU�DOWHUQDWLYH�VHFRQGDU\�VWDQGDUGV�KDYH�EHHQ�FRPSXWHG�DQG�DUH�GLVSOD\HG�IRU�HDFK�VLWH�

�7KHUH�DUH�GLVWLQFW�GLIIHUHQFHV�DPRQJ�WKHVH�VLWHV��ZLWK�GRZQZLQG�VLWHV�H[KLELWLQJ�D�JUHDWHU

IUHTXHQF\�RI�KLJKHU�FRQFHQWUDWLRQV�

&� 2]RQH�%DFNJURXQG

2]RQH�LV�D�QDWXUDOO\�RFFXUULQJ��WUDFH�FRQVWLWXHQW�RI�WKH�DWPRVSKHUH���7KHUH�LV

FRQWURYHUV\�UHJDUGLQJ�KRZ�PXFK�RI�DPELHQW�2��PRQLWRUHG�DW�JURXQG�OHYHO�LV�QDWXUDO�DQG�KRZ

PXFK�LV�SURGXFHG�IURP�PDQ�PDGH�SUHFXUVRUV���(VWLPDWHV�RI�WKH�QDWXUDO�FRPSRQHQW�RI�2��YDU\

ZLGHO\�LQ�WKH�OLWHUDWXUH��DQG�WKHUH�KDV�KLVWRULFDOO\�EHHQ�QR�VWDQGDUGL]HG�WHUPLQRORJ\�UHJDUGLQJ

WKH�FRQFHSW�RI�2��EDFNJURXQG����(YHQ�ZKHQ�D�QXPHULFDO�HVWLPDWH�RI�EDFNJURXQG��KRZHYHU

ODEHOHG��LV�SURYLGHG��UDUHO\�LV�WKH�DYHUDJLQJ�WLPH�SURYLGHG�IRU�WKH�HVWLPDWH�

%DVHG�RQ�D�UHYLHZ�RI�WKH�DYDLODEOH�OLWHUDWXUH��LW�LV�REYLRXV�WKDW��QDWXUDO��2��EDFNJURXQG

LV�D�PXOWLGLPHQVLRQDO�DQG�FRPSOH[�FRQFHSW���%DFNJURXQG�2��FRQFHQWUDWLRQV�YDU\�E\�JHRJUDSKLF

ORFDWLRQ��DOWLWXGH�DQG�VHDVRQ���)RU�WKH�SXUSRVHV�RI�WKLV�GRFXPHQW��EDFNJURXQG�R]RQH�LV�GHILQHG

DV�WKH�R]RQH�FRQFHQWUDWLRQV�WKDW�ZRXOG�EH�REVHUYHG�LQ�WKH�8�6��LQ�WKH��

                    

��,Q�IDFW��D�VXUYH\�RI�WKH�DYDLODEOH�OLWHUDWXUH�WKDW�PHQWLRQV�EDFNJURXQG�R]RQH�RU�QDWXUDO�R]RQH�EDFNJURXQG��
DSSUR[LPDWHO\����DUWLFOHV��GLG�QRW�XQFRYHU�D�VLQJOH�ULJRURXV�GHILQLWLRQ�RI�HLWKHU�WHUP���(YHQ�WKH�DSSHOODWLRQV�XVHG�IRU�WKH
FRQFHSWV�YDU\�JUHDWO\�LQ�WKH�UHOHYDQW�OLWHUDWXUH���([DPSOHV�LQFOXGH����EDVHOLQH�R]RQH����FOHDQ�DLU�EDFNJURXQG����JOREDO
EDFNJURXQG����1RUWK�$PHULFDQ�EDFNJURXQG����8UEDQ�EDFNJURXQG���DQG��UHJLRQDO�VXUIDFH�EDFNJURXQG����,Q�DGGLWLRQ�
WZHOYH�RWKHU�ODEHOV�ZHUH�XVHG��DOO�ZLWKRXW�EHLQJ�GHILQHG�



��

)LJXUH�,9��� +RXUO\�IUHTXHQF\�GLVWULEXWLRQV�IRU�WKH�PD[LPXP���PRQWK�2��SHULRG�



��

DEVHQFH�RI�DQWKURSRJHQLF�RU�ELRJHQLF�HPLVVLRQV�RI�92&V�DQG�12[�LQ�1RUWK�$PHULFD�

'XULQJ�WKH�VXPPHUWLPH�2��VHDVRQ�LQ�WKH�8�6���GDLO\���KU��PD[LPXP�EDFNJURXQG�2��LV

W\SLFDOO\�EHWZHHQ������WR������SSP���3DUW�RI�WKLV�EDFNJURXQG�LV�GXH�WR�QDWXUDO�VRXUFHV�DQG�SDUW

RI�LW�LV�GXH�WR�ORQJ�UDQJH�WUDQVSRUW�RI�DQWKURSRJHQLF�RU�ELRJHQLF�HPLVVLRQV�

7KH�QDWXUDO�FRPSRQHQW�RI�WKH�EDFNJURXQG�RULJLQDWHV�IURP�WKUHH�VRXUFHV���VWUDWRVSKHULF

2��ZKLFK�LV�WUDQVSRUWHG�GRZQ�WR�WKH�WURSRVSKHUH��2��IRUPHG�IURP�WKH�SKRWRFKHPLFDOO\�LQLWLDWHG

R[LGDWLRQ�RI�ELRJHQLF�DQG�JHRJHQLF�PHWKDQH�DQG�FDUERQ�PRQR[LGH��DQG�WKH�SKRWRFKHPLFDOO\�

LQLWLDWHG�R[LGDWLRQ�RI�ELRJHQLF�92&V���7KH�PDJQLWXGH�RI�WKLV�QDWXUDO�SDUW�FDQQRW�EH�SUHFLVHO\

GHWHUPLQHG�IRU�WZR�UHDVRQV���)LUVW��WKH�SDUW�GXH�WR�ORQJ�UDQJH�WUDQVSRUW�RI�DQWKURSRJHQLF

SUHFXUVRU�HPLVVLRQV�LV�QRW�NQRZQ���6HFRQG��12[�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�R[LGDWLRQ�RI

PHWKDQH��FDUERQ�PRQR[LGH�DQG�WKH�ELRJHQLF�92&V�DQG�LW�LV�QRW�SRVVLEOH�WR�GHWHUPLQH�DPRXQW

RI�2��WKDW�ZRXOG�KDYH�EHHQ�IRUPHG�MXVW�GXH�WR�QDWXUDO�12[�HPLVVLRQV���+RZHYHU��VRPH

HVWLPDWHV�FDQ�EH�PDGH�

2Q�WKH�EDVLV�RI�2��GDWD�IURP�LVRODWHG�PRQLWRULQJ�VLWHV��&'��&K������D�UHDVRQDEOH

HVWLPDWH�RI�WKH�2��EDFNJURXQG�FRQFHQWUDWLRQ�QHDU�VHD�OHYHO�LQ�WKH�8�6��IRU�DQ�DQQXDO�DYHUDJH�LV

������WR�������SSP���7KLV�HVWLPDWH�LQFOXGHV�D�������WR�������SSP�FRQWULEXWLRQ��DYHUDJHG�RYHU

WLPH��IURP�VWUDWRVSKHULF�LQWUXVLRQV�LQWR�WKH�WURSRVSKHUH�DQG�D������SSP�FRQWULEXWLRQ�IURP

SKRWRFKHPLFDOO\�LQLWLDWHG�R[LGDWLRQ�RI�PHWKDQH�DQG�FDUERQ�PRQR[LGH���7KH�UHPDLQGHU�LV�GXH�WR

WKH�SKRWRFKHPLFDOO\�LQLWLDWHG�R[LGDWLRQ�RI�ELRJHQLF�92&V�DQG�ORQJ�UDQJH�WUDQVSRUW�

6LPLODUO\��D�UHDVRQDEOH�HVWLPDWH�RI�WKH�EDFNJURXQG�2��FRQFHQWUDWLRQ�QHDU�VHD�OHYHO�LQ

WKH�8�6��IRU�D���KRXU�GDLO\�PD[LPXP�GXULQJ�WKH�VXPPHU�LV�XVXDOO\�LQ�WKH�UDQJH�RI������WR�����

SSP���$W�FOHDQ�VLWHV�LQ�WKH�:HVWHUQ�8�6���WKH�PD[LPXP�DQQXDO�KRXUO\�YDOXHV�DUH�LQ�WKH�UDQJH

RI�������WR�������SSP���6XFK�HOHYDWHG�2��OHYHOV�PD\�EH�RFFXUULQJ�DW�KLJKHU�DOWLWXGHV�GXH�WR

VWUDWRVSKHULF�2��LQWUXVLRQ���6XPPHUWLPH�GDLO\�PD[LPD�RI�OHVV�WKDQ������DUH�DOVR�REVHUYHG�GXH

WR�SUHFLSLWDWLRQ�VFDYHQJLQJ���7KHVH�HVWLPDWHV�DUH�V\QWKHVL]HG�IURP�WKH�DYDLODEOH�OLWHUDWXUH��EXW

UHO\�PRVW�KHDYLO\�RQ�$OWVKXOOHU���������.HOO\�HW�DO����������������DQG�/HIRKQ



��

DQG�)ROH\����������%DVHG�RQ�WKH�GLXUQDO�SURILOHV�SUHVHQWHG�IRU�2��DW�UXUDO�VLWHV�LQ�.HOO\�HW�DO�

��������������LW�LV�UHDVRQDEOH�WR�HVWLPDWH�WKDW�WKH���KRXU�GDLO\�PD[LPXP�2��GXULQJ�WKH�VXPPHU

LV�DOVR�LQ�WKH�UDQJH�RI������WR������SSP�



��

9� 6&,(17,),&�$1'�7(&+1,&$/�%$6,6�)25�35,0$5<�1$$46

$� ,QWURGXFWLRQ

7KLV�VHFWLRQ�SUHVHQWV�FULWLFDO�LQIRUPDWLRQ�IRU�WKH�UHYLHZ�RI�WKH�SULPDU\�1$$46�IRU�2��

�7KLV�LQIRUPDWLRQ�LQFOXGHV�LGHQWLILFDWLRQ�RI�������WKH�SULQFLSDO�PHFKDQLVPV�RI�WR[LFLW\�ZKLFK

KHOS�WR�HVWDEOLVK�D�OLQN�EHWZHHQ�2��H[SRVXUH�DQG�UHVXOWDQW�KHDOWK�HIIHFWV������VSHFLILF�KHDOWK

HIIHFWV�DVVRFLDWHG�ZLWK�2��H[SRVXUH�DQG�HVWLPDWHV�RI�ORZHVW�REVHUYHG�HIIHFWV�OHYHOV������IDFWRUV

ZKLFK�PD\�PRGLI\�WKH�H[WHQW�DQG�QDWXUH�RI�UHVSRQVHV�WR�2��H[SHULHQFHG�E\�LQGLYLGXDOV������D

TXDOLWDWLYH�GLVFXVVLRQ�RI�SRSXODWLRQV�SRWHQWLDOO\�DW�ULVN�WR�2��H[SRVXUHV��DQG�����ZKLFK�HIIHFWV

PD\�EH�RI�SXEOLF�KHDOWK�FRQFHUQ��L�H����DGYHUVH��HIIHFWV����)XUWKHU��WKLV�VHFWLRQ�SUHVHQWV

TXDQWLWDWLYH�HVWLPDWHV�RI�H[SRVXUH�DQG�ULVN�WR�KHOS�LQIRUP�MXGJPHQWV�DV�WR�ZKLFK�SULPDU\

VWDQGDUG�V��IRU�2��ZRXOG�SURWHFW�SXEOLF�KHDOWK�ZLWK�DQ�DGHTXDWH�PDUJLQ�RI�VDIHW\���)LQDOO\�

DOWHUQDWLYH�IRUPV�RI�SULPDU\�VWDQGDUGV�DUH�GLVFXVVHG�

%� 0HFKDQLVPV�RI�7R[LFLW\

2]RQH�HQWHUV�WKH�KXPDQ�ERG\�WKURXJK�WKH�UHVSLUDWRU\�WUDFW�ZKHUH�LW�UHDFWV�ZLWK

SRO\XQVDWXUDWHG�IDWW\�DFLGV��38)$V���YDULRXV�HOHFWURQ�GRQRUV��H�J���DVFRUEDWH�DQG�YLWDPLQ�(��

DQG�WKH�WKLRO��DOGHK\GH��DQG�DPLQH�JURXSV�RI�ORZ�PROHFXODU�ZHLJKW�ELRFKHPLFDOV�DQG�SURWHLQV�

�0HFKDQLVPV�ZKLFK�H[SODLQ�ELRFKHPLFDO�DQG�SK\VLRORJLFDO�HIIHFWV�RI�KXPDQ�H[SRVXUH�WR�2��DUH

FRPSOH[�DQG�RIWHQ�LQYROYH�WKH�GLUHFW�DFWLRQ�RI�2��RQ�PDFURPROHFXOHV�LQ�WKH�OXQJV���+RZHYHU�

WKH\�DOVR�FDQ�LQYROYH�WKH�UHDFWLRQ�RI�VHFRQGDU\�ELRFKHPLFDO�SURGXFWV�UHVXOWLQJ�IURP�WKH

JHQHUDWLRQ�RI�IUHH�UDGLFDO�SUHFXUVRU�PROHFXOHV��WKH�UHOHDVH�RI�HQGRJHQRXV�PHGLDWRUV�RI

SK\VLRORJLFDO�UHVSRQVH��DQG�WKH�UHDFWLYH�R[\JHQ�LQWHUPHGLDWHV�DQG�SURWHLQDVHV�DVVRFLDWHG�ZLWK

WKH�DFWLYLWLHV�RI�LQIODPPDWRU\�FHOOV�WKDW�VXEVHTXHQWO\�LQILOWUDWH�LQWR�2��GDPDJHG�OXQJV�

2QH�K\SRWKHVLV��EDVHG�RQ�WKH�KLJK�UHDFWLYLW\�RI�2���VXJJHVWV�WKDW�2��GRHV�QRW�SHQHWUDWH

EH\RQG�WKH�VXUIDFH�OLQLQJ�IOXLGV�RI�WKH�OXQJV�H[FHSW�LQ�WKRVH�WHUPLQDO�DLUZD\�UHJLRQV�ZLWK

PLQLPDO�WKLFNQHVV�RI�WKH�OLQLQJ��ZKHUH�HSLWKHOLDO�FHOOV�PLJKW�EH�XQSURWHFWHG�E\�HLWKHU�PXFXV�RU

VXUIDFWDQW��3U\RU����������,Q�D�UHYLHZ�RI�SDWKRORJLFDO�HIIHFWV�RI�2���3U\RU���������LW�ZDV

VXJJHVWHG�WKDW�2��LQGXFHG�FHOOXODU�GDPDJH�LV�PRUH�OLNHO\�WR�UHVXOW�IURP�UHDFWLRQV�RI�WKH�PRUH



��

VWDEOH��OHVV�UHDFWLYH�R]RQLGH��DOGHK\GH��DQG�K\GURSHUR[LGH�UHDFWLRQ�SURGXFWV�RI�2�

ZLWK�VXUIDFH�OLQLQJ�IOXLG�FRPSRQHQWV�WKDQ�IURP�GLUHFW�UHDFWLRQ�RI�2��ZLWK�LQWUDFHOOXODU

FRPSRQHQWV���$�ZLGH�YDULHW\�RI�WR[LFRORJLFDO�HIIHFWV�KDV�EHHQ�OLQNHG�WR�2��H[SRVXUH��LQFOXGLQJ

OXQJ�LQIODPPDWLRQ��HIIHFWV�RQ�KRVW�GHIHQVH�PHFKDQLVPV��PRUSKRORJLFDO�HIIHFWV��SXOPRQDU\

IXQFWLRQ�GHFUHPHQWV��FKDQJHV�LQ�OXQJ�ELRFKHPLVWU\��DQG�JHQRWR[LFLW\�DQG�FDUFLQRJHQLFLW\��

$OWKRXJK�WKHVH�HIIHFWV�PD\�KDYH�GLIIHUHQW�SK\VLRORJLFDO�PHFKDQLVPV��HDFK�HIIHFW�LV�LQLWLDWHG�E\

WKH�SUHOLPLQDU\�LQWHUDFWLRQV�RI�2��DQG�2��UHDFWLRQ�SURGXFWV�ZLWK�IOXLGV�DQG�HSLWKHOLDO�FHOOV�LQ

WKH�UHVSLUDWRU\�WUDFW��

0HFKDQLVPV�OHDGLQJ�WR�2��LQGXFHG�OXQJ�IXQFWLRQ�GHFUHPHQWV�DQG�V\PSWRPV�DUH

SUREDEO\�WKH�EHVW�XQGHUVWRRG�RI�WKH�PHFKDQLVPV�RI�2��WR[LFLW\�LQ�KXPDQV���7KH�&'��6HF�

���������LGHQWLILHV�VHYHUDO�VXFK�PHFKDQLVPV��LQFOXGLQJ�������2��GHOLYHU\�WR�WKH�WLVVXH��L�H��

LQKDOHG�FRQFHQWUDWLRQ�RI�2���EUHDWKLQJ�SDWWHUQ��DLUZD\�JHRPHWU\�������2��UHDFWLRQV�ZLWK�WKH

DLUZD\�OLQLQJ�IOXLG�DQG�RU�HSLWKHOLDO�FHOO�PHPEUDQHV������ORFDO�WLVVXH�UHVSRQVHV��LQFOXGLQJ

LQMXU\�DQG�LQIODPPDWLRQ��DQG�����VWLPXODWLRQ�RI�QHXUDO�DIIHUHQWV��EURQFKLDO�&��ILEHUV��DQG�WKH

UHVXOWLQJ�UHIOH[�UHVSRQVHV�DQG�V\PSWRPV���7KH�F\FORR[\JHQDVH�LQKLELWRUV�EORFN�SURGXFWLRQ�RI

SURVWDJODQGLQ�(���3*(���DQG�LQWHUOHXNLQ����,/�����DV�ZHOO�DV�UHGXFH�OXQJ�YROXPH�UHVSRQVHV�

KRZHYHU��F\FORR[\JHQDVH�LQKLELWRUV�GRQ
W�UHGXFH�QHXWURSKLOLF�LQIODPPDWLRQ�DQG�OHYHOV�RI�FHOO

GDPDJH�PDUNHUV�VXFK�DV�ODFWDWH�GHK\GURJHQDVH���0RUH�GHWDLOHG�GLVFXVVLRQV�RI�ELRFKHPLFDO

WDUJHWV�RI�2��LQWHUDFWLRQ�DQG�RI�WKH�PHFKDQLVPV�RI�DFXWH�SXOPRQDU\�UHVSRQVH�FDQ�EH�IRXQG�LQ

WKH�&'�LQ�&KDSWHUV���DQG�&KDSWHU����UHVSHFWLYHO\�

&� +HDOWK�(IIHFWV�RI�2]RQH

7KH�IROORZLQJ�GLVFXVVLRQ�RI�2��KHDOWK�HIIHFWV�LV�SUHVHQWHG�DV�D�VXPPDU\�RI�WKH�PRVW

LPSRUWDQW�FRQFOXVLRQV�DQG�LV�EDVHG�RQ�WKH�UHYLHZ�DQG�HYDOXDWLRQ�RI�KHDOWK�HIIHFWV�UHVHDUFK

OLWHUDWXUH�ZKLFK�KDV�EHHQ�GLVFXVVHG�LQ�PXFK�JUHDWHU�GHWDLO�LQ�&KDSWHUV���WKURXJK���RI�WKH�&'��

7KLV�VHFWLRQ�RI�WKH�6WDII�3DSHU�LQWHJUDWHV�LQIRUPDWLRQ�IURP�KXPDQ�FOLQLFDO��HSLGHPLRORJLFDO�

DQG�DQLPDO�WR[LFRORJLFDO�VWXGLHV��DV�DSSURSULDWH��ZLWKLQ�HDFK�VXEVHFWLRQ�RQ�HIIHFWV��

)XUWKHUPRUH��WKH�HIIHFWV�RQ�KHDOWK\�LQGLYLGXDOV�DQG�RQ�LQGLYLGXDOV�ZLWK�LPSDLUHG�UHVSLUDWRU\

V\VWHPV��H�J���DVWKPDWLFV��DUH�GLVFXVVHG�LQ�WKH�FRQWH[W�RI�DFXWH��SURORQJHG��DQG��ILQDOO\�

FKURQLF�H[SRVXUHV�ZLWKLQ�WKH�IROORZLQJ�VXEVHFWLRQV�



��

$�ZLGH�DUUD\�RI�KHDOWK�HIIHFWV�KDV�EHHQ�DWWULEXWHG�WR�VKRUW�WHUP����WR���KUV���SURORQJHG

���WR���KUV���DQG�ORQJ�WHUP��PRQWKV�WR�\HDUV��H[SRVXUHV�WR�2����7KRVH�DFXWH�KHDOWK

HIIHFWV�LQGXFHG�E\�VKRUW�WHUP�H[SRVXUHV�WR�2��FRQFHQWUDWLRQV�DV�ORZ�DV������SSP��JHQHUDOO\

RFFXU�ZKLOH�VXEMHFWV�DUH�HQJDJHG�LQ�KHDY\��H�J���UXQQLQJ��H[HUFLVH��LQFOXGH���WUDQVLHQW

SXOPRQDU\�IXQFWLRQ�UHVSRQVHV��WUDQVLHQW�UHVSLUDWRU\�V\PSWRPV�DQG�HIIHFWV�RQ�H[HUFLVH

SHUIRUPDQFH��LQFUHDVHG�DLUZD\�UHVSRQVLYHQHVV��WUDQVLHQW�SXOPRQDU\�LQIODPPDWLRQ��DQG

LQFUHDVHG�KRVSLWDO�DGPLVVLRQV�DQG�HPHUJHQF\�URRP�YLVLWV�IRU�UHVSLUDWRU\�FDXVHV���6LPLODU�KHDOWK

HIIHFWV�KDYH�EHHQ�REVHUYHG�IROORZLQJ�SURORQJHG�H[SRVXUHV�WR�2���DW�FRQFHQWUDWLRQV�RI�2��DV�ORZ

DV������SSP�DQG�DW�ORZHU�OHYHOV�RI�H[HUFLVH�WKDQ�IRU�VKRUW�WHUP�H[SRVXUHV���$OWKRXJK�FKURQLF

HIIHFWV�VXFK�DV�VWUXFWXUDO�GDPDJH�WR�SXOPRQDU\�WLVVXH�DQG�LPSDLUHG�KRVW�GHIHQVH�PHFKDQLVPV

KDYH�EHHQ�HVWDEOLVKHG�LQ�D�VXEVWDQWLDO�QXPEHU�RI�ODERUDWRU\�DQLPDO�VWXGLHV��WKHUH�UHPDLQV�OLWWOH

RI�QR�HYLGHQFH�RI�DVVRFLDWLRQ�EHWZHHQ�DPELHQW�2��H[SRVXUHV�DQG�FDUFLQRJHQLFLW\�DQG�RU

JHQRWR[LFLW\�DW�WKLV�WLPH�

3ULRU�WR�FRPSOHWLRQ�RI�WKH�SUHYLRXV�UHYLHZ�RI�VFLHQWLILF�FULWHULD�LQ�������WKHUH�ZDV�D

VXEVWDQWLDO�GDWD�EDVH�GHILQLQJ�WKH�KHDOWK�HIIHFWV�RI�2����.H\�KXPDQ�DQG�ODERUDWRU\�DQLPDO

VWXGLHV�LQ�WKDW�GDWDEDVH�DUH�OLVWHG�LQ�7DEOH�9�����6LQFH������QXPHURXV�QHZ�VWXGLHV�KDYH�JUHDWO\

H[SDQGHG�WKH�LQIRUPDWLRQ�RQ�2��KHDOWK�HIIHFWV��SDUWLFXODUO\�RQ�SURORQJHG�H[SRVXUHV�RI����WR���

KUV���$�VHOHFWHG�JURXS�RI�UHFHQW�NH\�KXPDQ�DQG�ODERUDWRU\�DQLPDO�VWXGLHV�KDV�EHHQ�VXPPDUL]HG

LQ�7DEOH�9�����(DFK�RI�WKHVH�WDEOHV�LQFOXGHV�RQO\�D�VPDOO�IUDFWLRQ�RI�WKH�WRWDO�GDWD�EDVH�OLQNLQJ

2��H[SRVXUH�ZLWK�KHDOWK�HIIHFWV�LQ�KXPDQV���,QFOXVLRQ�FULWHULD�IRU�WKHVH�VWXGLHV�DUH�PDLQO\�WKH

DGHTXDF\�RI�VFLHQWLILF�FUHGLELOLW\��DV�GHWHUPLQHG�DQG�GLVFXVVHG�LQ�WKH�&'��DQG�WKH�UHOHYDQFH�WR

UHJXODWRU\�GHFLVLRQ�PDNLQJ��DV�GHWHUPLQHG�E\�VWDII��WKH�&$6$&��DQG�SXEOLF�UHYLHZ�

�� 3XOPRQDU\�)XQFWLRQ�5HVSRQVHV

$�YDULHW\�RI�SXOPRQDU\�IXQFWLRQ�UHVSRQVHV�KDV�EHHQ�REVHUYHG�LQ�KHDOWK\�DQG�LPSDLUHG

KXPDQV�DFXWHO\�H[SRVHG�WR�2����7KHVH�UHVSRQVHV�LQFOXGH�UHGXFWLRQV�LQ�IRUFHG�YLWDO�FDSDFLW\�

�)9&���IRUFHG�H[SLUDWRU\�YROXPH�LQ���VHF��)(9����DQG�IRUFHG�H[SLUDWRU\�IORZ�DW����WR����RI

)9&��)()���������ZKLFK�DUH�XVXDOO\�PHDVXUHG�E\�KDYLQJ�DQ�LQGLYLGXDO�H[KDOH�IRUFHIXOO\�LQWR�D

VSLURPHWHU�GHVLJQHG�WR�PHDVXUH�H[SLUDWRU\�IORZ�UDWHV���$QRWKHU�DFXWH�UHVSRQVH�WR�2���DLUZD\

UHVLVWDQFH��5DZ���LV�W\SLFDOO\�PHDVXUHG�LQ�D�ERG\�SOHWK\VPRJUDSK�
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2��&RQFHQWUDWLRQ�
SSP

+HDOWK�(IIHFW 5HIHUHQFH

$PELHQW�DLU�FRQWDLQLQJ����������
GDLO\���KU�PD[�RYHU
GD\V�WR�ZHHNV

'HFUHPHQWV�LQ�OXQJ�IXQFWLRQ�LQ�FKLOGUHQ�
DGROHVFHQWV�DQG�DGXOWV�H[HUFLVLQJ�RXWGRRUV

%HUU\�HW�DO��������
%RFN�HW�DO����������
+LJJLQV�HW�DO��������
.LQQH\�HW�DO��������
/LR\�DQG�'\ED��������
/LR\�HW�DO���������������������
/LSSPDQQ�HW�DO���������
5DL]HQQH�HW�DO��������������
6SHNWRU�HW�DO�������D�E�������

≥����������KU��RU
≥����������KU�
�FKDPEHU�H[SRVXUHV�

'HFUHPHQWV�LQ�OXQJ�IXQFWLRQ��UHGXFHG�DELOLW\
WR�WDNH�D�GHHS�EUHDWK���LQFUHDVHG
UHVSLUDWRU\�V\PSWRPV��FRXJK��VKRUWQHVV�RI
EUHDWK��SDLQ�XSRQ�GHHS�LQVSLUDWLRQ�����
LQFUHDVHG�DLUZD\�UHVSRQVLYHQHVV�DQG
LQFUHDVHG�DLUZD\�LQIODPPDWLRQ�LQ�KHDYLO\����
H[HUFLVLQJ�DGXOWV

$GDPV�HW�DO��������
$YRO�HW�DO��������������
'HYOLQ�HW�DO���������
)ROLQVEHH�DQG�+RUYDWK�������������
)ROLQVEHH�HW�DO��������������������
*LEERQV�DQG�$GDPV�������
*OLQHU�HW�DO���������
+RUVWPDQ�HW�DO��������
.RUHQ�HW�DO�������D�E�������
.XOOH�HW�DO��������
/DXULW]HQ�DQG�$GDPV�������
/LQQ�HW�DO�������������D�E�������������
0F'RQQHOO�HW�DO��������������
6HOW]HU�HW�DO��������

!�����������KU�
�FKDPEHU�H[SRVXUHV�

'HFUHPHQWV�LQ�OXQJ�IXQFWLRQ�LQ�KHDYLO\
H[HUFLVLQJ�FKLOGUHQ�DQG�DGROHVFHQWV

$YRO�HW�DO�������D�E�F�������
.RHQLJ�HW�DO��������������
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2��&RQFHQWUDWLRQ�
SSP

+HDOWK�(IIHFW 5HIHUHQFH

0F'RQQHOO�HW�DO��������

!�����������KU�
�FKDPEHU�H[SRVXUHV� (IIHFWV�DUH�VLPLODU�LQ�LQGLYLGXDOV�ZLWK

SUHH[LVWLQJ�GLVHDVH�H[FHSW�IRU�D�JUHDWHU
LQFUHDVH�LQ�DLUZD\�UHVSRQVLYHQHVV�IRU
DVWKPDWLF�DQG�DOOHUJLF�VXEMHFWV

.RHQLJ�HW�DO��������������������

.UHLW�HW�DO��������
0F'RQQHOO�HW�DO���������

!�����������KU�
�FKDPEHU�H[SRVXUHV�

2OGHU�VXEMHFWV��!���\U�ROG��KDYH�VPDOOHU
DQG�OHVV�UHSURGXFLEOH�FKDQJHV�LQ�OXQJ
IXQFWLRQ

%HGL�DQG�+RUYDWK�������
%HGL�HW�DO��������������
'UHFKVOHU�3DUNV�HW�DO��������������������
5HLVHQDXHU�HW�DO��������

≥�����������KU�
�FKDPEHU�H[SRVXUHV�

5HGXFHG�H[HUFLVH�SHUIRUPDQFH�LQ�KHDYLO\
H[HUFLVLQJ�DGXOWV

$GDPV�DQG�6FKHOHJOH�������
)ROLQVEHH�HW�DO��������
*RQJ�HW�DO��������
/LQGHU�HW�DO�������������
6FKHOHJOH�DQG�$GDPV�������

!�����������KU�
�FKDPEHU�H[SRVXUHV�

$WWHQXDWLRQ�RI�OXQJ�IXQFWLRQ�UHVSRQVH�ZLWK
UHSHDWHG�H[SRVXUH

$YRO�HW�DO��������
)DUUHOO�HW�DO��������
+DFNQH\�HW�DO��������������
+RUYDWK�HW�DO��������
.XOOH�HW�DO��������
/LQQ�HW�DO��������������

≥�����ZLWK�FKURQLF��UHSHDWHG
H[SRVXUH��FKDPEHU�H[SRVXUHV�

&KDQJHV�LQ�OXQJ�VWUXFWXUH��IXQFWLRQ��DQG
ELRFKHPLVWU\�LQ�ODERUDWRU\�DQLPDOV�WKDW
DUH�LQGLFDWLYH�RI�DLUZD\�LUULWDWLRQ�DQG
LQIODPPDWLRQ�ZLWK�SRVVLEOH�GHYHORSPHQW
RI�FKURQLF�OXQJ�GLVHDVH

$PGXU�HW�DO��������
%DUU\�HW�DO��������������������
%RRUPDQ�HW�DO��������
&DVWOHPDQ�HW�DO��������������
&KRZ�HW�DO��������
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&RVWD�HW�DO��������
&UDSR�HW�DO��������
(XVWLV�HW�DO��������
)LOLSRZLF]�DQG�0F&DXOH\������D�E�
)XMLQDND�HW�DO��������
*URVH�HW�DO��������
/DVW�HW�DO�������������
0RRUH�DQG�6FKZDUW]�������
0XVWDID�HW�DO��������
3ORSSHU�HW�DO��������
5DR�HW�DO�������D�E�
6FKZDUW]�HW�DO��������
6KHUZLQ�DQG�5LFKWHUV�������
7\OHU�HW�DO��������
:HJQHU�������
:ULJKW�HW�DO��������

!���������KU��RU
!������ZLWK�FKURQLF�UHSHDWHG
H[SRVXUH��FKDPEHU�H[SRVXUHV�

,QFUHDVHG�VXVFHSWLELOLW\�WR�EDFWHULDO
UHVSLUDWRU\�LQIHFWLRQV�LQ�ODERUDWRU\�DQLPDOV

&RIILQ�HW�DO��������
(KUOLFK�HW�DO��������
0LOOHU�HW�DO��������
$UDQ\L�HW�DO��������
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2��&RQFHQWUDWLRQ�
SSP

+HDOWK�(IIHFW 5HIHUHQFH

$PELHQW�DLU�FRQWDLQLQJ������
������GDLO\���KU�PD[�RYHU�GD\V
WR�ZHHNV

'HFUHPHQWV�LQ�OXQJ�IXQFWLRQ��)(9���LQ�FKLOGUHQ�
DGROHVFHQWV��DQG�DGXOWV�H[SRVHG�WR�2��RXWGRRUV

$YRO�HW�DO��������������
%UDXQ�)DKUODQGHU�HW�DO����������
&DVWLOOHMRV�HW�DO��������
+RHN�HW�DO�������D�E�
.LOEXUQ�HW�DO��������
.U]\]DQRZVNL�HW�DO��������������
/HERZLW]�HW�DO��������
5DL]HQQH�HW�DO��������������
5DL]HQQH�DQG�6SHQJOHU�������
6FKPLW]EHUJHU�HW�DO��������
6FKZDUW]�HW�DO�������D�E�F�
6SHNWRU�HW�DO��������
6SHNWRU�DQG�/LSSPDQQ�������
6WHUQ�HW�DO��������������
7KXUVWRQ�HW�DO��������

([DFHUEDWLRQ�RI�UHVSLUDWRU\�V\PSWRPV��H�J��
FRXJK��FKHVW�SDLQ��LQ�LQGLYLGXDOV�ZLWK�SUHH[LVWLQJ
GLVHDVH��H�J���DVWKPD��ZLWK�ORZ�DPELHQW
H[SRVXUH��GHFUHDVHG�WHPSHUDWXUH��DQG�RWKHU
HQYLURQPHQWDO�IDFWRUV�UHVXOWLQJ�LQ�LQFUHDVHG
VXPPHUWLPH�KRVSLWDO�DGPLVVLRQV�DQG�HPHUJHQF\
GHSDUWPHQW�YLVLWV�IRU�UHVSLUDWRU\�FDXVHV�

%XUQHWW�HW�DO��������
&RG\�HW�DO��������
7KXUVWRQ�HW�DO��������������������
:HLVHO�HW�DO��������
:KLWH�HW�DO��������

≥����������KU�
≥����������KU�
�FKDPEHU�H[SRVXUHV�

'HFUHPHQWV�LQ�OXQJ�IXQFWLRQ
�UHGXFHG�DELOLW\�WR�WDNH�D
GHHS�EUHDWK���LQFUHDVHG
UHVSLUDWRU\�V\PSWRPV��FRXJK�
VKRUWQHVV�RI�EUHDWK��SDLQ
XSRQ�GHHS�LQVSLUDWLRQ�����
LQFUHDVHG�DLUZD\�UHVSRQVLYH�
QHVV�DQG�LQFUHDVHG�DLUZD\��
LQIODPPDWLRQ�LQ�H[HUFLVLQJ�DGXOWV

'HYOLQ�HW�DO��������������
)ROLQVEHH�HW�DO��������������������
)UDPSWRQ�HW�DO����������
*URVV�HW�DO��������������
+D]XFKD�HW�DO��������������
+RUVWPDQ�HW�DO��������������
.RUHQ�HW�DO��������
0F.LWWULFN�HW�DO��������
0F'RQQHOO�HW�DO��������
/LQQ�HW�DO��������

≥����������KU�
≥����������KU�
�FKDPEHU�H[SRVXUHV�

(IIHFWV�DUH�VLPLODU�LQ�LQGLYLGXDOV�ZLWK�SUHH[LVWLQJ
GLVHDVH�H[FHSW�IRU�D�JUHDWHU�LQFUHDVH�LQ�DLUZD\
UHVSRQVLYHQHVV�IRU�DVWKPDWLF�DQG�DOOHUJLF�VXEMHFWV

.RHQLJ�HW�DO��������

.UHLW�HW�DO��������
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2��&RQFHQWUDWLRQ�
SSP

+HDOWK�(IIHFW 5HIHUHQFH

≥����������KU�
≥����������KU�
�FKDPEHU�H[SRVXUHV�

2OGHU�VXEMHFWV��!���\U�ROG��KDYH�VPDOOHU�DQG�OHVV
UHSURGXFLEOH�FKDQJHV�LQ�OXQJ�IXQFWLRQ�

'UHFKVOHU�3DUNV�HW�DO��������
+RUYDWK�HW�DO��������
6HDO�HW�DO��������������

$WWHQXDWLRQ�RI�UHVSRQVH�ZLWK�UHSHDWHG�H[SRVXUH +DFNQH\�HW�DO��������
YDQ�%UHH�HW�DO��������

≥�����ZLWK�SURORQJHG�
UHSHDWHG�H[SRVXUH
�FKDPEHU�H[SRVXUHV�

&KDQJHV�LQ�OXQJ�VWUXFWXUH��IXQFWLRQ��HODVWLFLW\�
DQG�ELRFKHPLVWU\�LQ�ODERUDWRU\�DQLPDOV�WKDW�DUH
LQGLFDWLYH�RI�DLUZD\�LUULWDWLRQ�DQG�LQIODPPDWLRQ
ZLWK�SRVVLEOH�GHYHORSPHQW�RI�FKURQLF�OXQJ�GLVHDVH

&DWDODQR�HW�DO�������D�E�
&KDQJ�HW�DO���������������������
&RVWD�HW�DO���������
+DUNHPD�HW�DO��������������������
+DUNHPD�DQG�0DXGHUO\�������
+LURVKLPD�HW�DO��������
+RWFKNLVV�HW�DO�������D�E�
+\GH�HW�DO��������
/DVW�HW�DO�������D�E�������
1DWLRQDO�7R[LFRORJ\�3URJUDP�+HDOWK�(IIHFWV
,QVWLWXWH�������
3DUNV�DQG�5RE\�������
3LQNHUWRQ�HW�DO��������������������
3LQR�HW�DO�������D�E�	F�
3ORSSHU�HW�DO�������������D�E�
5DGKDNULVKQDPXUWK\�������
6FKXOWKHLV�HW�DO��������
6]DUHN�������
7DQ�HW�DO��������
7HSSHU�HW�DO��������������
7\OHU�HW�DO��������
9DQ�%UHH�HW�DO��������

,QFUHDVHG�VXVFHSWLELOLW\�WR�EDFWHULDO�UHVSLUDWRU\
LQIHFWLRQV�LQ�ODERUDWRU\�DQLPDOV

*LOPRXU�HW�DO�������D�E�
-DNDE�DQG�%DVVHWW�������
-DNDE�HW�DO��������
6HOJUDGH�HW�DO��������
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� 1HXURJHQLF�LQKLELWLRQ�RI�PD[LPDO�LQVSLUDWLRQ��SRVVLEO\�FDXVHG�E\�VWLPXODWLRQ�RI�&�ILEHU

DIIHUHQWV��LV�EHOLHYHG�WR�EH�WKH�FDXVH�RI�GHFUHDVHG�)9&�DQG�LQVSLUDWRU\�FDSDFLW\�LQ�KXPDQV

�&'��6HF�������������$OWKRXJK�D�ODUJH�ERG\�RI�HYLGHQFH�JHQHUDOO\�VXJJHVWV�WKDW�KHDOWK\

LQGLYLGXDOV�DQG�WKRVH�ZLWK�LPSDLUHG�UHVSLUDWRU\�V\VWHPV�KDYH�VLPLODU�IXQFWLRQDO�UHVSRQVHV��RQH

UHFHQW�VWXG\��+RUVWPDQ�HW�DO�����������QRW�\HW�UHSOLFDWHG��UHSRUWHG�WKDW�DVWKPDWLFV�KDG�D�JUHDWHU

FKDQJH�LQ�OXQJ�IXQFWLRQ�WKDQ�KHDOWK\�LQGLYLGXDOV�

7KH�VWURQJHVW�DQG�PRVW�TXDQWLILDEOH�H[SRVXUH�UHVSRQVH�GDWD�RQ�SXOPRQDU\�IXQFWLRQ

UHVSRQVHV�WR�2��KDYH�FRPH�IURP�FRQWUROOHG�KXPDQ�H[SRVXUH�VWXGLHV���7KH�PDJQLWXGH�DQG�WLPH

FRXUVH�RI�VSLURPHWU\�UHVSRQVHV�WR�2��GHSHQG�XSRQ�WKH�2��FRQFHQWUDWLRQ��&���WKH��H[HUFLVH�

OHYHO��PLQXWH�YHQWLODWLRQ��9(���DQG�WKH�GXUDWLRQ�RI�H[SRVXUH��7����2QH�RI�WKH�EHVW

GHPRQVWUDWLRQV�RI�WKH�LPSDFW�RI�YDULRXV��H[HUFLVH��OHYHOV�DQG�2��FRQFHQWUDWLRQV�RQ�JURXS�PHDQ

)(9��IROORZLQJ���KU�H[SRVXUHV�LV�VXPPDUL]HG�E\�+D]XFKD��������LQ�)LJXUH�9����&'��)LJXUH

�������7KLV�ILJXUH�FOHDUO\�VKRZV�WKDW�)(9��GHFUHPHQWV�DUH�HQKDQFHG�E\�LQFUHDVHG�OHYHOV�RI

�H[HUFLVH��DQG�RU�LQFUHDVHG�OHYHOV�RI�2��H[SRVXUH�

,Q�H[SHULPHQWDO�VWXGLHV��LQFUHDVHG�YHQWLODWLRQ�UDWHV�DUH�EURXJKW�DERXW�E\�KDYLQJ�WKH

VXEMHFWV�HQJDJH�LQ�DFWLYLWLHV�W\SLFDOO\�LGHQWLILHG�DV��H[HUFLVH����7KLV�H[HUFLVH�LV�PHDQW�WR

VLPXODWH�DQ\�W\SH�RI�DFWLYLW\�LQYROYLQJ�H[HUWLRQ�WKDW�LQFUHDVHV�WKH�YHQWLODWLRQ�UDWH���7KXV��ZKLOH

H[SHULPHQWDO�VWXGLHV�W\SLFDOO\�UHSRUW��H[HUFLVH��OHYHOV��WKH�EURDGHU�WHUP��H[HUWLRQ��ZLOO�EH

XVHG�WKURXJKRXW�WKLV�6WDII�3DSHU�ZKHQ�UHIHUULQJ�WR�WKH�W\SHV�RI�QRUPDO�DFWLYLWLHV�LQ�ZKLFK

SHRSOH�HQJDJH�WKDW�UHVXOW�LQ�VLPLODU�LQFUHDVHG�YHQWLODWLRQ�UDWHV���7KH�VWDII�LQWHQGV�WKDW�WKH�WHUP

H[HUWLRQ�EH�XQGHUVWRRG�WR�HQFRPSDVV�D�PXFK�EURDGHU�FODVV�RI�DFWLYLWLHV�WKDQ�LV�W\SLFDOO\

DVVRFLDWHG�ZLWK�WKH�WHUP�H[HUFLVH��DV�GLVFXVVHG�LQ�6HFWLRQ�9�'���RI�WKLV�6WDII�3DSHU�

1XPHURXV�H[SHULPHQWDO�VWXGLHV�RI�H[HUFLVLQJ�DGXOWV�KDYH�GHPRQVWUDWHG�GHFUHPHQWV�LQ

OXQJ�IXQFWLRQ�IRU�H[SRVXUHV�RI�����KUV�DW�!�����SSP�2���$GDPV�HW�DO���������$YRO�HW�DO��

������������)ROLQVEHH�DQG�+RUYDWK��������)ROLQVEHH�HW�DO���������������������*LEERQV�DQG

$GDPV��������*OLQHU�HW�DO���������.XOOH�HW�DO���������/DXULW]HQ�DQG�$GDPV��������/LQQ�HW�DO��

������������������������0F'RQQHOO�HW�DO���������6HOW]HU�HW�DO���������DQG�IRU�H[SRVXUHV�RI

����KUV�DW�!�����SSP�2���)ROLQVEHH�HW�DO���������������������+D]XFKD�HW�DO��������

+RUVWPDQ�HW�DO���������������+RUYDWK�HW�DO���������.RUHQ�HW�DO���������������������/LQQ�HW
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Figure V-1. Mean predicted changes in forced expiratory volume in 1 sec

following 2-hr exposures to ozone with increasing

levels of intermittent exercise.

6RXUFH���+D]XFKD���������&'��)LJXUH������S�������

DO���������0F'RQQHOO�HW�DO�����������7KHVH�VWXGLHV�SURYLGH�FRQFOXVLYH�HYLGHQFH�WKDW�2�

OHYHOV�FRPPRQO\�PRQLWRUHG�LQ�WKH�DPELHQW�DLU�LQGXFH�)(9��GHFUHPHQWV�LQ�H[HUFLVLQJ�DGXOWV��

)RU�VKRUW�WHUP�H[SRVXUHV�RI���WR���KU��VXEMHFWV�H[SRVHG�WR�KLJKHU�2��FRQFHQWUDWLRQV

�H�J���!������SSP��GXULQJ�LQWHUPLWWHQW�KHDY\�H[HUWLRQ�WHQG�WR�H[SHULHQFH�UDSLG�UHVSRQVHV

LQGLFDWLYH�RI�D�SODWHDX��6HH�)LJXUH�9���$����,Q�FRQWUDVW��ORZHU�2��FRQFHQWUDWLRQV�ZLWK�OLJKWHU

H[HUWLRQ�WHQG�WR�LQGXFH�UHVSRQVHV�ZKLFK�SURJUHVV�VORZO\�DQG�PD\�QRW�UHDFK�D�SODWHDX�GXULQJ

WKH�SHULRG�RI�H[SRVXUH���0F'RQQHOO�DQG�6PLWK��������SORWWHG�SUHGLFWHG�PHDQ�GHFUHPHQWV�LQ

)(9��YV��WLPH��ZLWK�LQWHUPLWWHQW�PRGHUDWH�H[HUWLRQ�GXULQJ�D�����KU�H[SRVXUH��WKH\�IRXQG�QR

UHVSRQVH�SODWHDXV�DW�������������RU������SSP�2��GXULQJ�WKH�ILUVW���KU�EXW�GLG�VKRZ�SODWHDXV

GHYHORSLQJ�DW�HDFK�FRQFHQWUDWLRQ�GXULQJ�WKH�ODWWHU�SRUWLRQ�RI�WKH�H[SRVXUH��6HH�)LJXUH�9��%��

6XPPHU�FDPS�VWXGLHV�KDYH�SURYLGHG�WKH�PRVW�H[WHQVLYH�DQG�UHOLDEOH�GDWD�EDVH�RQ�DFXWH

OXQJ�IXQFWLRQ�UHVSRQVHV�WR�DPELHQW�2��DQG�RWKHU�SROOXWDQWV�LQ�FKLOGUHQ�DQG�DGROHVFHQWV�OLYLQJ�LQ

WKH�QRUWKHDVWHUQ�8�6���%RFN�HW�DO���������6SHNWRU�HW�DO�������D�E��������6SHNWRU�DQG

/LSSPDQQ��������/LSSPDQQ�HW�DO���������/LR\�HW�DO���������/LR\�DQG�'\ED��������.LQQH\�HW

DO���������%HUU\�HW�DO���������7KXUVWRQ�HW�DO����������VRXWKHUQ�&DOLIRUQLD��+LJJLQV�HW�DO��
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������$YRO�HW�DO����������������DQG�VRXWKHDVWHUQ�&DQDGD��5DL]HQQH�HW�DO��������������
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Figure V-2. Predicted mean decrements in forced expiratory volume in 1 s

for 1- and 2-h exposures to ozone with intermittent

heavy exercise (A) and 6.6-h exposures with

moderate prolonged exercise (B).

6RXUFH���0F'RQQHOO�DQG�6PLWK���������&'��)LJXUH������S�������

5DL]HQQH�DQG�6SHQJOHU����������/XQJ�IXQFWLRQ�FKDQJHV�UHSRUWHG�DW�ORZ�2��FRQFHQWUDWLRQV�DUH

FRPSDUDEOH�WR�WKRVH�UHSRUWHG�LQ�FKLOGUHQ�DQG�DGXOWV�H[SRVHG�XQGHU�FRQWUROOHG�H[SHULPHQWDO

FRQGLWLRQV��DOWKRXJK�GLUHFW�FRPSDULVRQV�DUH�GLIILFXOW�WR�PDNH�EHFDXVH�RI�GLIIHUHQFHV�LQ

H[SHULPHQWDO�GHVLJQ�DQG�DQDO\WLFDO�DSSURDFK���(YHQ�WKRXJK�H[SRVXUHV�DW�WKH�VXPPHU�FDPSV

RFFXUUHG�RYHU�SHULRGV�RI�PDQ\�KRXUV�WR�GD\V��D�NH\�FDOFXODWLRQ�PDGH�IRU�PDQ\�RI�WKH�VWXGLHV�LV

WKH�VORSH�RI�WKH�UHODWLRQVKLS�EHWZHHQ�)(9��DQG�WKH�2��FRQFHQWUDWLRQ�PHDVXUHG�GXULQJ�WKH

SUHYLRXV�KRXU��ZLWKRXW�FRQVLGHUDWLRQ�RI�WKH�EDFNJURXQG�OHYHOV���7KH�DYHUDJH�VORSH�IURP�VL[�RI

WKH�FDPS�VWXGLHV��6SHNWRU�HW�DO�������D��������6SHNWRU�DQG�/LSSPDQQ��������5DL]HQQH�HW�DO��

������������+LJJLQV�HW�DO���������$YRO�HW�DO���������������ZDV�������P/�SSE�2���ZLWKLQ�D

FRQFHQWUDWLRQ�UDQJH�RI������WR������SSP��&'��6HF�������������7KH�VORSH�FRUUHVSRQGV�WR�D

GHFUHDVH�LQ�)(9��RI����P/�DW������SSP�IURP�D�EDVH�OHYHO�RI������WR������P/�RU�URXJKO\�D

����WR������GHFUHDVH�LQ�)(9����7KLV�LV�FRPSDUDEOH�WR�WKH������GHFUHDVH�LQ�)(9��UHSRUWHG�E\

0F'RQQHOO�HW�DO���������IRU�ER\V����WR����\HDUV�ROG��H[SRVHG�WR������SSP�2��GXULQJ�KHDY\

H[HUFLVH�XQGHU�FRQWUROOHG�H[SHULPHQWDO�FRQGLWLRQV���$OWKRXJK�RXWGRRU�VWXGLHV��6SHNWRU�HW�DO��

����E��6HOZ\Q�HW�DO���������%UXQHNUHHI�HW�DO���������RI�H[HUFLVLQJ�DGXOWV�KDYH�VKRZQ�VLPLODU
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DVVRFLDWLRQV�EHWZHHQ�VSLURPHWULF�FKDQJHV�DQG�LQFUHDVLQJ�2��FRQFHQWUDWLRQV��&'�����������GDLO\

OLIH�VWXGLHV���.LQQH\�HW�DO���������&DVWLOOHMRV�HW�DO���������+RHN�HW�DO�������E��.U]\]DQRZVNL�HW

DO���������DUH�GLIILFXOW�WR�LQWHUSUHW�GXH�WR�WKH�UROH�RI�VHDVRQDO�IDFWRUV��H�J���SROOHQV��HSLGHPLFV

RI�UHVSLUDWRU\�LQIHFWLRQ��FKDQJHV�LQ�DFWLYLW\�SDWWHUQV��DQG�WKH�SUHSRQGHUDQFH�RI�WLPH�VSHQW

LQGRRUV�E\�VXEMHFWV��&'��6HF�����������

����5HVSLUDWRU\�6\PSWRPV�DQG�(IIHFWV�RQ�([HUFLVH�3HUIRUPDQFH

9DULRXV�KXPDQ�UHVSLUDWRU\�V\PSWRPV��LQFOXGLQJ�FRXJK��WKURDW�LUULWDWLRQ��FKHVW�SDLQ�RQ

GHHS�LQVSLUDWLRQ��QDXVHD��DQG�VKRUWQHVV�RI�EUHDWK��KDYH�EHHQ�LQGXFHG�E\�2��H[SRVXUHV�RI

KHDOWK\�DQG�LPSDLUHG�LQGLYLGXDOV���$V�LV�WKH�FDVH�IRU�VSLURPHWULF�OXQJ�IXQFWLRQ�GHFUHPHQWV��2��

H[SRVXUH�GDWD�GR�QRW�VXSSRUW�HQKDQFHG�VHQVLWLYLW\�WR�V\PSWRPV�RI�LQGLYLGXDOV�ZLWK�DVWKPD��

$OWKRXJK�H\H�LUULWDWLRQ�LV�D�V\PSWRP�FRPPRQO\�DVVRFLDWHG�ZLWK�H[SRVXUH�WR�DPELHQW�R[LGDQW

PL[WXUHV��ZKLFK�LQFOXGH�VXFK�R[LGDQWV�DV�2��DQG�SHUR[\DF\O�QLWUDWHV��FRQWUROOHG�KXPDQ

H[SRVXUH�VWXGLHV�RI�2��KDYH�GHPRQVWUDWHG�WKDW�DW�FRQFHQWUDWLRQV�UHSRUWHG�LQ�WKH�DPELHQW�DLU��2�

DORQH�GRHV�QRW�LQGXFH�H\H�LUULWDWLRQ�

$�SRWHQWLDO�OLQNDJH�EHWZHHQ�FKDQJHV�LQ�VSLURPHWU\�DQG�DW�OHDVW�RQH�V\PSWRP�PD\�EH

H[SODLQHG�LQ�SDUW�E\�WKH�PHFKDQLVP�ZKLFK�LQGXFHV�FRXJK���7KH�UHFHSWRUV�UHVSRQVLEOH�IRU�FRXJK

PD\�EH�XQP\HOLQDWHG�&�ILEHUV�RU�UDSLGO\�DGDSWLQJ�UHFHSWRUV�ORFDWHG�LQ�WKH�ODU\Q[�DQG�WKH

ODUJHVW�FRQGXFWLQJ�DLUZD\V��&'��6HF�������������)LHOG�DQG�HSLGHPLRORJ\�VWXGLHV��2VWUR�HW�DO��

������.UXSQLFN�HW�DO���������ZKLFK�KDYH�UHSRUWHG�VSLURPHWU\�FKDQJHV�DVVRFLDWHG�ZLWK�DPELHQW

2��OHYHOV�DOVR�KDYH�LQGLFDWHG�DVVRFLDWLRQV�EHWZHHQ�KRXUO\�RU�GDLO\�DPELHQW�2��OHYHOV�DQG

SUHVHQFH�RI�V\PSWRPV�VXFK�DV�FRXJK��SDUWLFXODUO\�LQ�DVWKPDWLF�FKLOGUHQ�

� 5HVSLUDWRU\�V\PSWRP�UHVSRQVHV�WR�2��H[SRVXUH�IROORZ�D�PRQRWRQLF�H[SRVXUH�UHVSRQVH

UHODWLRQVKLS�WKDW�KDV�D�VLPLODU�IRUP�WR�WKDW�IRU�VSLURPHWU\�UHVSRQVHV���,QFUHDVLQJ�H[SRVXUH

OHYHOV�HOLFLW�LQFUHDVLQJO\�PRUH�VHYHUH�V\PSWRPV�WKDW�SHUVLVW�IRU�ORQJHU�SHULRGV���6\PSWRP�DQG

VSLURPHWU\�UHVSRQVHV�IROORZ�D�VLPLODU�WLPH�FRXUVH�GXULQJ�DQ�DFXWH�H[SRVXUH�DQG�WKH�VXEVHTXHQW

UHFRYHU\��DV�ZHOO�DV�RYHU�WKH�FRXUVH�RI�VHYHUDO�GD\V�LQ�D�UHSHDWHG�H[SRVXUH�VWXG\��

)XUWKHUPRUH��PHGLFDWLRQ�LQWHUYHQWLRQV�WKDW�EORFN�RU�UHGXFH�VSLURPHWU\�UHVSRQVHV�KDYH�D

VLPLODU�HIIHFW�RQ�V\PSWRP�UHVSRQVHV���$V�ZLWK�VSLURPHWU\�UHVSRQVHV��V\PSWRP�UHVSRQVHV�YDU\

FRQVLGHUDEO\�DPRQJ�VXEMHFWV��DOWKRXJK�WKH�LQGLYLGXDO�FRUUHODWLRQV�EHWZHHQ�VSLURPHWU\�DQG
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V\PSWRP�UHVSRQVHV�DUH�UHODWLYHO\�ORZ��

2]RQH�LQGXFHG�LQWHUIHUHQFH�ZLWK�H[HUFLVH�SHUIRUPDQFH��HLWKHU�E\�UHGXFLQJ�PD[LPDO

VXVWDLQDEOH�OHYHOV�RI�DFWLYLW\�RU�UHGXFLQJ�WKH�GXUDWLRQ�RI�DFWLYLW\�WKDW�FDQ�EH�WROHUDWHG�DW�D

SDUWLFXODU�ZRUN�OHYHO��LV�OLNHO\�UHODWHG�WR�V\PSWRPV���,Q�VHYHUDO�KHDY\�RU�VHYHUH�H[HUFLVH

VWXGLHV��6FKHOHJOH�DQG�$GDPV��������*RQJ�HW�DO���������$GDPV�DQG�6FKHOHJOH��������RI

DWKOHWHV�H[SRVHG�WR�2���WKH�GLVFRPIRUW�DVVRFLDWHG�ZLWK�WKH�UHVSLUDWRU\�V\PSWRPV�FDXVHG�E\

2��FRQFHQWUDWLRQV�LQ�H[FHVV�RI������SSP�ZDV�RI�VXIILFLHQW�VHYHULW\�WKDW�WKH�DWKOHWHV�UHSRUWHG

WKDW�WKH\�ZRXOG�KDYH�EHHQ�XQDEOH�WR�SHUIRUP�PD[LPDOO\�LI�WKH�FRQGLWLRQV�RI�WKH�H[SRVXUH�ZHUH

SUHVHQW�GXULQJ�DWKOHWLF�FRPSHWLWLRQ���,Q�ZRUNHUV�RU�DFWLYH�SHRSOH�H[SRVHG�WR�DPELHQW�2��

UHVSLUDWRU\�V\PSWRPV�PD\�FDXVH�UHGXFHG�SURGXFWLYLW\�RU�PD\�FXUE�WKH�DELOLW\�RU�GHVLUH�WR

HQJDJH�LQ�QRUPDO�DFWLYLWLHV�

�� ,QFUHDVHG�$LUZD\�5HVSRQVLYHQHVV

,QFUHDVHG�DLUZD\�UHVSRQVLYHQHVV�LV�DQ�LQGLFDWLRQ�WKDW�WKH�DLUZD\V�DUH�SUHGLVSRVHG�WR

EURQFKRFRQVWULFWLRQ�ZKLFK�FDQ�EH�LQGXFHG�E\�D�ZLGH�YDULHW\�RI�H[WHUQDO�VWLPXOL��H�J���SROOHQV�

GXVW��FROG�DLU��62���HWF�����$�KLJK�OHYHO�RI�EURQFKLDO�UHVSRQVLYHQHVV�LV�FKDUDFWHULVWLF�RI�DVWKPD

�&'�����������2]RQH�H[SRVXUH�FDXVHV�LQFUHDVHG�UHVSRQVLYHQHVV�RI�WKH�SXOPRQDU\�DLUZD\V�WR

VXEVHTXHQW�FKDOOHQJH�ZLWK�EURQFKRFRQVWULFWRU�GUXJV�VXFK�DV�KLVWDPLQH�RU�PHWKDFKROLQH��

$LUZD\�UHVSRQVLYHQHVV�LV�XVXDOO\�PHDVXUHG�E\�KDYLQJ�DQ�LQGLYLGXDO�H[KDOH�IRUFHIXOO\�LQWR�D

VSLURPHWHU�GHVLJQHG�WR�PHDVXUH�H[SLUDWRU\�IORZ�UDWHV��H�J���)(9���RU�E\�PHDVXULQJ�DLUZD\

UHVLVWDQFH��5DZ��LQ�D�ERG\�SOHWK\VPRJUDSK���0HDVXUHPHQWV�RI�)(9��DUH�WDNHQ�EHIRUH�DQG�DIWHU

VPDOO�DPRXQWV�RI�DQ�DHURVROL]HG�EURQFKRFRQVWULFWRU�DUH�DGPLQLVWHUHG��DQG�WKH�GRVH�LV�LQFUHDVHG

XQWLO�D�SUHGHWHUPLQHG�GHJUHH�RI�DLUZD\�UHVSRQVH�KDV�EHHQ�PHDVXUHG���7KH�SURYRFDWLYH�GRVH

WKDW�SURGXFHG�D�����GURS�LQ�)(9��ZRXOG�EH�UHIHUUHG�WR�DV��3'����DQG�WKH�SURYRFDWLYH�GRVH

WKDW�SURGXFHG�D������LQFUHDVH�LQ�5DZ�ZRXOG�EH�UHIHUUHG�WR�DV�WKH��3'�����

,QFUHDVHG�DLUZD\�UHVSRQVLYHQHVV�LV�VHHQ�HYHQ�DIWHU�UHFRYHU\�IURP�VSLURPHWULF�FKDQJHV�

EXW�WKLV�HIIHFW�W\SLFDOO\�GLVDSSHDUV�DIWHU����KUV��&'��6HF�������������$OWKRXJK�FKDQJHV�LQ

DLUZD\�UHVSRQVLYHQHVV�WHQG�WR�UHVROYH�VRPHZKDW�PRUH�VORZO\�WKDQ�VSLURPHWULF�FKDQJHV�DQG

DSSHDU�WR�EH�OHVV�OLNHO\�WR�DWWHQXDWH�ZLWK�UHSHDWHG�H[SRVXUH��WKH�HYLGHQFH�IRU�D�SHUVLVWHQW

LQFUHDVH�LQ�UHVSRQVLYHQHVV�IURP�DQLPDO�VWXGLHV�LV�LQFRQVLVWHQW���&KDQJHV�LQ�DLUZD\
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UHVSRQVLYHQHVV�LQ�UDWV�DQG�JXLQHD�SLJV�WHQG�WR�RFFXU�DW�KLJKHU�2��FRQFHQWUDWLRQV�DQG��DV�LQ

KXPDQV��WHQG�WR�EH�PRVW�SURQRXQFHG�VKRUWO\�DIWHU�WKH�H[SRVXUH�DQG�OHVV�VR����KU�SRVWH[SRVXUH�

�&KDQJHV�LQ�DLUZD\�UHVSRQVLYHQHVV�DSSHDU�WR�RFFXU�LQGHSHQGHQWO\�RI�FKDQJHV�LQ�SXOPRQDU\

IXQFWLRQ���7KLV�UHVSRQVH�GRHV�QRW�DSSHDU�WR�EH�GXH�WR�DLUZD\�LQIODPPDWLRQ��DW�OHDVW�WKH�LQIOX[

RI�SRO\PRUSKRQXFOHDU�OHXNRF\WHV�>301
V@�LQWR�WKH�DLUZD\V��RU�WR�WKH�UHOHDVH�RI�DUDFKLGRQLF

DFLG�PHWDEROLWHV��EXW�LW�PD\�EH�GXH�WR�HSLWKHOLDO�GDPDJH�DQG�WKH�FRQVHTXHQW�LQFUHDVHG�DFFHVV�RI

WKHVH�FKHPLFDOV�WR�VPRRWK�PXVFOH�LQ�WKH�DLUZD\V�RU�WR�WKH�UHFHSWRUV�LQ�WKH�DLUZD\V�UHVSRQVLEOH

IRU�UHIOH[�EURQFKRFRQVWULFWLRQ���7KH�FOLQLFDO�UHOHYDQFH�RI�WKLV�REVHUYDWLRQ�LV�WKDW��DIWHU�2�

H[SRVXUH��KXPDQ�DLUZD\V�PD\�EH�PRUH�VXVFHSWLEOH�WR�D�YDULHW\�RI�VWLPXOL��LQFOXGLQJ�DQWLJHQV�

FKHPLFDOV��DQG�SDUWLFOHV�

+HDOWK\�VXEMHFWV�KDYH�H[SHULHQFHG�VPDOO�LQFUHDVHV�LQ�QRQVSHFLILF�EURQFKLDO

UHVSRQVLYHQHVV��ZKLFK�UHVROYH�ZLWKLQ����KUV��DIWHU�EHLQJ�H[SRVHG�WR�2��FRQFHQWUDWLRQV�DV�ORZ

DV������SSP�IRU���KU��*RQJ�HW�DO��������DQG������WR������SSP�IRU�����KU��+RUVWPDQ�HW�DO��

������)ROLQVEHH�HW�DO�����������$VWKPDWLF�VXEMHFWV�W\SLFDOO\�KDYH�LQFUHDVHG�DLUZD\

UHVSRQVLYHQHVV�DW�EDVHOLQH��DQG�GLIIHUHQFHV�LQ�EDVHOLQH�EURQFKLDO�UHVSRQVLYHQHVV�EHWZHHQ

KHDOWK\�LQGLYLGXDOV�DQG�VHQVLWLYH�DVWKPDWLFV�PD\�EH�DV�PXFK�DV�����IROG���&KDQJHV�LQGXFHG�E\

2��H[SRVXUH��KRZHYHU��DUH�XVXDOO\�RQO\����WR���IROG���2QO\�RQH�SXEOLVKHG�VWXG\��0ROILQR�HW�DO��

������VXJJHVWHG�DQ�2��LQGXFHG�LQFUHDVH�LQ�VSHFLILF��L�H���DOOHUJHQ�LQGXFHG��DLUZD\�UHDFWLYLW\��

7KLV�HIIHFW�ZDV�UHSRUWHG�DIWHU�D���KU�UHVWLQJ�H[SRVXUH�RI�DWRSLF�DVWKPDWLFV�WR������SSP�2���DQG

WKXV�SURYLGHG�D�SODXVLEOH�OLQNDJH�EHWZHHQ�DPELHQW�2��H[SRVXUH�DQG�LQFUHDVHG�KRVSLWDO

DGPLVVLRQV���+RZHYHU��WKH�VWXG\�KDG�H[SHULPHQWDO�GHVLJQ�IODZV�DQG�KDV�QRW�\HW�EHHQ

UHSOLFDWHG���:LWK�VXFK�D�OLPLWHG�DQG�XQFHUWDLQ�GDWD�EDVH�RQ�2��LQGXFHG�DLUZD\�UHVSRQVLYHQHVV�

LW�DSSHDUV�WR�EH�SUHPDWXUH�WR�GUDZ�FRQFOXVLRQV�UHJDUGLQJ�WKLV�KHDOWK�HQGSRLQW�DW�WKLV�SRLQW�LQ

WLPH�

2QJRLQJ�VWXGLHV�RI�2��LQGXFHG�LQFUHDVHV�LQ�DLUZD\�UHVSRQVLYHQHVV�ZLOO�QHHG�WR�EH

HYDOXDWHG�LQ�RUGHU�WR�GHWHUPLQH�WKH�H[SRVXUH�UHVSRQVH�UHODWLRQVKLS�IRU�DOWHUDWLRQV�LQ�UHVSRQVHV

WR�LQKDOHG�DQWLJHQV��HVSHFLDOO\�ZLWK�UHJDUG�WR�VHQVLWLYH�DVWKPDWLFV���(QKDQFHG�UHVSRQVH�WR

DQWLJHQV�LQ�DVWKPDWLFV�FRXOG�OHDG�WR�LQFUHDVHG�PRUELGLW\��L�H���PHGLFDO�WUHDWPHQW��HPHUJHQF\

URRP�YLVLWV��KRVSLWDO�DGPLVVLRQV��RU�WR�PRUH�SHUVLVWHQW�DOWHUDWLRQV�LQ�DLUZD\�UHVSRQVLYHQHVV
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�� ,PSDLUPHQW�RI�+RVW�'HIHQVHV�

$V�GLVFXVVHG�EHORZ��WKH�PDPPDOLDQ�UHVSLUDWRU\�WUDFW�KDV�QXPHURXV�FORVHO\�LQWHJUDWHG

GHIHQVH�PHFKDQLVPV�WKDW�SURYLGH�SURWHFWLRQ�IURP�WKH�DGYHUVH�HIIHFWV�RI�D�ZLGH�YDULHW\�RI

LQKDOHG�SDUWLFOHV�DQG�PLFUREHV��LI�WKH\�IXQFWLRQ�QRUPDOO\���+RZHYHU��ZKHQ�WKHVH�GHIHQVH

PHFKDQLVPV�EUHDN�GRZQ�RU�DUH�LPSDLUHG�E\�2���WKHUH�FDQ�EH�DQ�LQFUHDVH�LQ�VXVFHSWLELOLW\�WR

UHVSLUDWRU\�LQIHFWLRQ�DQG�UHODWHG�UHVSLUDWRU\�GLVIXQFWLRQ��&'��6HF�����������

0XFRFLOLDU\�&OHDUDQFH�RI�,QKDOHG�3DUWLFOHV���,PSDLUHG�PXFRFLOLDU\�FOHDUDQFH�FDQ�UHVXOW

LQ�XQZDQWHG�DFFXPXODWLRQ�RI�FHOOXODU�VHFUHWLRQV�DQG�LQFUHDVHG�QXPEHUV�RI�SDUWLFOHV�DQG

PLFURRUJDQLVPV�LQ�WKH�OXQJ��OHDGLQJ�WR�LQFUHDVHG�ULVN�RI�UHVSLUDWRU\�LQIHFWLRQ�DQG�EURQFKLWLV��

$QLPDO�VWXGLHV�VKRZ�WKDW�FOHDUDQFH�RI�LQKDOHG�LQVROXEOH�SDUWLFOHV�LV�VORZHG�DIWHU�DFXWH�H[SRVXUH

WR�2����2]RQH�LQGXFHG�GDPDJH�WR�FLOLD�DQG�LQFUHDVHG�PXFXV�VHFUHWLRQ�OLNHO\�FRQWULEXWH�WR�D

VORZLQJ�RI�PXFRFLOLDU\�WUDQVSRUW�UDWHV���,Q�RQH�VWXG\�LQYHVWLJDWLQJ�WKH�HIIHFWV�RI�ORQJHU�WHUP

DOYHRODUEURQFKLRODU�FOHDUDQFH��3LQNHUWRQ�HW�DO���������H[SRVHG�UDWV�WR�DQ�XUEDQ�SDWWHUQ�RI�2�

�FRQWLQXRXV������SSP����GD\V�ZHHN�ZLWK�D�VORZ�ULVH�WR�D�SHDN�RI������SSP�DQG�VXEVHTXHQW

GHFUHDVH�WR������SSP�RYHU�D���KU�SHULRG�IRU���GD\V�ZHHN��IRU���ZHHNV���7KH�UDWV�ZHUH�H[SRVHG

��GD\V�ODWHU�WR�DVEHVWRV��ZKLFK�FDQ�FDXVH�SXOPRQDU\�ILEURVLV�DQG�WXPRU�IRUPDWLRQ���$OWKRXJK

2��GLG�QRW�DIIHFW�WKH�GHSRVLWLRQ�RI�DVEHVWRV�DW�WKH�VLWH�RI�PD[LPDO�GHSRVLWLRQ�RI�ERWK�2��DQG

DVEHVWRV��WKLUW\�GD\V�ODWHU�WKH�OXQJV�RI�WKH�2��H[SRVHG�DQLPDOV�KDG�WZLFH�WKH�QXPEHU�DQG�PDVV

RI�DVEHVWRV�ILEHUV�DV�WKH�DLU�H[SRVHG�UDWV��&'��6HF�������������,Q�JHQHUDO��KRZHYHU��WKH�&'

�6HF�����������QRWHV�WKDW�UHWDUGHG�PXFRFLOLDU\�FOHDUDQFH�LV�QRW�REVHUYHG�LQ�DQLPDOV�H[SRVHG

UHSHDWHGO\�WR�2���

7KH�HIIHFWV�RI�2��RQ�PXFRFLOLDU\�FOHDUDQFH�LQ�KXPDQV�KDYH�QRW�EHHQ�ZHOO�VWXGLHG��DQG

WKH�UHVXOWV�DUH�VRPHZKDW�FRQIOLFWLQJ���2QH�VWXG\��)RVWHU�HW�DO���������UHSRUWV�DQ�2��LQGXFHG

LQFUHDVH�LQ�SDUWLFOH�FOHDUDQFH�LQ�VXEMHFWV�H[SRVHG�WR�����SSP�2��IRU���K��ZKLOH�DQRWKHU�VWXG\

�*HUULW\�HW�DO���������UHSRUWV�QR�2��LQGXFHG�FKDQJH�LQ�SDUWLFOH�FOHDUDQFH�ZLWK�D�VLPLODU

H[SRVXUH�UHJLPHQ���7KH�GLVFUHSDQF\�EHWZHHQ�WKHVH�WZR�VWXGLHV�PD\�EH�H[SODLQHG�E\

GLIIHUHQFHV�LQ�H[SRVXUH�SURWRFRO��WLPH�RI�SDUWLFOH�LQKDODWLRQ��RU�WLPH�RI�FOHDUDQFH�PHDVXUHPHQW�
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RU�E\�WKH�SUHVHQFH�RI�FRXJK�LPPHGLDWHO\�IROORZLQJ�2��H[SRVXUH��ZKLFK�PD\�KDYH�DFFHOHUDWHG

FOHDUDQFH�LQ�WKH�ILUVW�VWXG\��&'��6HF�����������

$OYHRODU�0DFURSKDJH�)XQFWLRQ���0DFURSKDJHV�UHSUHVHQW�WKH�ILUVW�OLQH�RI�GHIHQVH�DJDLQVW

LQKDOHG�PLFURRUJDQLVPV�DQG�SDUWLFOHV�WKDW�UHDFK�WKH�ORZHU�DLUZD\V�DQG�DOYHROL��&'��6HF�

�����������6WXGLHV�LQ�ERWK�KXPDQV�DQG�DQLPDOV�KDYH�VKRZQ�WKDW�WKHUH�LV�DQ�LPPHGLDWH�GHFUHDVH

LQ�WKH�QXPEHU�RI�PDFURSKDJHV�IROORZLQJ�2��H[SRVXUH���$OYHRODU�PDFURSKDJHV�DOVR�KDYH�EHHQ

VKRZQ�WR�EH�FUXFLDO�WR�WKH�FOHDUDQFH�RI�FHUWDLQ�JUDP�SRVLWLYH�EDFWHULD�IURP�WKH�OXQJ���6HYHUDO

VWXGLHV�LQ�ERWK�KXPDQV�DQG�ODERUDWRU\�DQLPDOV�DOVR�KDYH�VKRZQ�WKDW�2��LPSDLUV�WKH�SKDJRF\WLF

FDSDFLW\�RI�DOYHRODU�PDFURSKDJHV��DQG�VRPH�VWXGLHV�VXJJHVW�WKDW�PLFH�PD\�EH�PRUH�LPSDLUHG

WKDQ�UDWV��*LOPRXU�DQG�6HOJUDGH��������2RVWLQJ�HW�DO�������D����7KH�SURGXFWLRQ�RI�VXSHUR[LGH

DQLRQ��DQ�R[\JHQ�UDGLFDO�XVHG�LQ�EDFWHULDO�NLOOLQJ��E\�DOYHRODU�PDFURSKDJHV�DOVR�LV�GHSUHVVHG�LQ

ERWK�KXPDQV�DQG�DQLPDOV��5\HU�3RZGHU�HW�DO���������2RVWLQJ�HW�DO�������E��H[SRVHG�WR�2���DQG

WKH�DELOLW\�RI�DOYHRODU�PDFURSKDJHV�WR�NLOO�EDFWHULD�GLUHFWO\�LV�LPSDLUHG���'HFUHPHQWV�LQ

DOYHRODU�PDFURSKDJH�IXQFWLRQ�KDYH�EHHQ�REVHUYHG�LQ�PRGHUDWHO\�H[HUFLVLQJ�KXPDQV�H[SRVHG�WR

WKH�ORZHVW�FRQFHQWUDWLRQ�WHVWHG�������SSP�2��IRU�����KUV��'HYOLQ�HW�DO���������

,QWHUDFWLRQ�ZLWK�,QIHFWLRXV�$JHQWV���&RQFHUQ�DERXW�WKH�HIIHFW�RI�2��RQ�VXVFHSWLELOLW\�WR

UHVSLUDWRU\�LQIHFWLRQ�GHULYHV�SULPDULO\�IURP�DQLPDO�VWXGLHV�LQ�ZKLFK�2��H[SRVHG�PLFH�GLH

IROORZLQJ�D�VXEVHTXHQW�FKDOOHQJH�ZLWK�DHURVROL]HG�EDFWHULD��&'��6HF�������������,QFUHDVHG

PRUWDOLW\�RI�H[SHULPHQWDO�ODERUDWRU\�DQLPDOV�KDV�EHHQ�VKRZQ�WR�EH�FRQFHQWUDWLRQ�GHSHQGHQW�

DQG�H[SRVXUH�WR�DV�OLWWOH�DV������SSP�2��IRU���KRXUV��&RIILQ�HW�DO���������&RIILQ�DQG�*DUGQHU�

������0LOOHU�HW�DO���������FDQ�LQFUHDVH�PRUWDOLW\�RI�PLFH�WR�D�VXEVHTXHQW�FKDOOHQJH�ZLWK

VWUHSWRFRFFXV�EDFWHULD���,Q�DGGLWLRQ��\RXQJHU�PLFH�DUH�PRUH�VXVFHSWLEOH�WR�LQIHFWLRQ�WKDQ�ROGHU

PLFH��*LOPRXU�HW�DO�������������D�E��0LOOHU�HW�DO���������WKLV�KDV�EHHQ�UHODWHG�WR�LQFUHDVHG

3*(��SURGXFWLRQ�LQ�WKHVH�DQLPDOV��ZKLFK�OLNHO\�GHFUHDVHV�DOYHRODU�PDFURSKDJH�DFWLYLW\��

,W�KDV�EHHQ�VXJJHVWHG�WKDW�LPSDLUHG�DOYHRODU�PDFURSKDJH�IXQFWLRQ�LV�WKH�PHFKDQLVP

OLNHO\�UHVSRQVLEOH�IRU�HQKDQFHG�VXVFHSWLELOLW\�WR�EDFWHULD���+RZHYHU��PRUWDOLW\�LV�QRW�REVHUYHG

ZLWK�RWKHU�URGHQW�VSHFLHV��UDLVLQJ�WKH�TXHVWLRQ�RI�ZKHWKHU�WKLV�SKHQRPHQRQ�LV�UHVWULFWHG�WR

PLFH���$OWKRXJK�ERWK�PLFH�DQG�UDWV�VKRZ�LPSDLUHG�PDFURSKDJH�NLOOLQJ�RI�LQKDOHG�EDFWHULD

IROORZLQJ�2��H[SRVXUH��UDWV�PRXQW�D�IDVWHU�301�UHVSRQVH�WR�2��WR�FRPSHQVDWH�IRU�WKH�GHILFLW�LQ
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DOYHRODU�PDFURSKDJH�IXQFWLRQ���7KH�UHVXOWLQJ�VORZHU�FOHDUDQFH�WLPH�LQ�PLFH�DOORZV�WKH

VWUHSWRFRFFXV�VWUDLQ�WR�SHUVLVW�LQ�OXQJ�WLVVXH�DQG��VXEVHTXHQWO\��WR�HODERUDWH�D�QXPEHU�RI

YLUXOHQFH�IDFWRUV�WKDW�HYDGH�VHFRQGDU\�KRVW�GHIHQVH�DQG�OHDG�WR�EDFWHULDO�PXOWLSOLFDWLRQ�DQG

GHDWK�RI�WKH�KRVW���$OWKRXJK�LQFUHDVHG�PRUWDOLW\�LQ�ODERUDWRU\�DQLPDOV�LV�QRW�GLUHFWO\�UHOHYDQW�WR

KXPDQV��ODERUDWRU\�DQLPDOV�DQG�KXPDQV�VKDUH�PDQ\�KRVW�GHIHQVH�PHFKDQLVPV�EHLQJ�PHDVXUHG

E\�PRUWDOLW\�LQ�WKH�PRXVH�PRGHO���7KXV��WKLV�FDWHJRU\�RI�HIIHFW��L�H���GHFUHPHQW�LQ�DQWLEDFWHULDO

GHIHQVHV��FDQ�EH�TXDOLWDWLYHO\�H[WUDSRODWHG�WR�KXPDQV��&'�����������

:LWK�UHJDUG�WR�DQWLYLUDO�GHIHQVHV��D�VWXG\�RI�H[SHULPHQWDO�UKLQRYLUXV�LQIHFWLRQ�LQ

VXVFHSWLEOH�YROXQWHHUV�IDLOHG�WR�VKRZ�DQ\�HIIHFW�RI���FRQVHFXWLYH�GD\V�RI�2��H[SRVXUH������SSP�

��KUV�GD\��RQ�WKH�FOLQLFDO�RXWFRPH�RU�RQ�KRVW�UHVSRQVH��+HQGHUVRQ�HW�DO�����������6WXGLHV�LQ

ZKLFK�2��H[SRVHG�PLFH�ZHUH�FKDOOHQJHG�ZLWK�LQIOXHQ]D�YLUXV�UHSRUW�FRQIOLFWLQJ�UHVXOWV���VRPH

VWXGLHV�VKRZ�LQFUHDVHG�PRUWDOLW\��VRPH�VKRZ�GHFUHDVHG�PRUWDOLW\��DQG�VWLOO�RWKHUV�VKRZ�QR

FKDQJH�DW�DOO���+RZHYHU��HYHQ�ZKHQ�LQFUHDVHG�PRUWDOLW\�ZDV�GHPRQVWUDWHG��WKHUH�ZDV�QR

GLIIHUHQFH�LQ�YLUDO�WLWHUV�LQ�WKH�OXQJ��VXJJHVWLQJ�YLUXV�VSHFLILF�LPPXQH�IXQFWLRQV�ZHUH�QRW

DOWHUHG���2QH�DQLPDO�VWXG\��-DNDE�DQG�%DVVHWW��������UHSRUWHG�WKDW�HYHQ�WKRXJK�D�����GD\

H[SRVXUH�WR�����SSP�2��GLG�QRW�DIIHFW�WKH�DFXWH�FRXUVH�RI�D�YLUDO�LQIHFWLRQ�IURP�LQIOXHQ]D�YLUXV

DGPLQLVWHUHG�LPPHGLDWHO\�EHIRUH�2��H[SRVXUH�EHJDQ��LW�GLG�HQKDQFH�SRVWLQIOXHQ]DO�DOYHROLWLV

DQG�OXQJ�SDUHQFK\PDO�FKDQJHV�

$OWKRXJK�WKHUH�LV�QR�VLQJOH�H[SHULPHQWDO�KXPDQ�RU�DQLPDO�VWXG\�RU�JURXS�RI�VWXGLHV

ZKLFK�SURYHV�WKDW�UHVSLUDWRU\�LQIHFWLRQ�LV�ZRUVHQHG�E\�H[SRVXUH�WR�2���WDNHQ�DV�D�ZKROH��WKH

GDWD�VXJJHVW�WKDW�DFXWH�2��H[SRVXUHV�FDQ�LPSDLU�WKH�KRVW�GHIHQVH�FDSDELOLW\�RI�ERWK�KXPDQV�DQG

DQLPDOV��SULPDULO\�E\�GHSUHVVLQJ�DOYHRODU�PDFURSKDJH�IXQFWLRQ�DQG�SHUKDSV�DOVR�E\�GHFUHDVLQJ

PXFRFLOLDU\�FOHDUDQFH�RI�LQKDOHG�SDUWLFOHV�DQG�PLFURRUJDQLVPV���7KLV�VXJJHVWV�WKDW�KXPDQV

H[SRVHG�WR�2��PD\�EH�SUHGLVSRVHG�WR�EDFWHULDO�LQIHFWLRQV�LQ�WKH�ORZHU�UHVSLUDWRU\�WUDFW���7KH

VHULRXVQHVV�RI�VXFK�LQIHFWLRQV�PD\�GHSHQG�RQ�KRZ�TXLFNO\�EDFWHULD�GHYHORS�YLUXOHQFH�IDFWRUV

DQG�KRZ�UDSLGO\�QHXWURSKLOV�DUH�PRELOL]HG�WR�FRPSHQVDWH�IRU�WKH�GHILFLW�LQ�DOYHRODU�PDFURSKDJH

IXQFWLRQ��&'��6HF�����������

�� +RVSLWDO�$GPLVVLRQV�DQG�(PHUJHQF\�5RRP�9LVLWV

3HRSOH�ZLWK�SUHH[LVWLQJ�SXOPRQDU\�GLVHDVH�PD\�EH�DW�LQFUHDVHG�ULVN�WR�UHVSRQVHV
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DVVRFLDWHG�ZLWK�VKRUW�WHUP�2��H[SRVXUHV�OHDGLQJ�WR�LQFUHDVHG�KRVSLWDO�DGPLVVLRQV�DQG

HPHUJHQF\�URRP�YLVLWV���)XUWKHUPRUH��VRPH�LQGLYLGXDOV�ZLWK�SXOPRQDU\�GLVHDVH�PD\�KDYH�DQ

LQKHUHQWO\�JUHDWHU�VHQVLWLYLW\�WR�2���&'��6HF�����������$VWKPDWLFV�FKDUDFWHULVWLFDOO\�KDYH

JUHDWHU�EDVHOLQH�EURQFKLDO�UHVSRQVLYHQHVV��EXW��GHSHQGLQJ�RQ�WKH�VHYHULW\�RI�WKHLU�GLVHDVH�DQG

FOLQLFDO�VWDWXV��WKHLU�)(9��FDQ�EH�ZLWKLQ�WKH�QRUPDO�UDQJH������p�����SUHGLFWHG��RU�PD\�EH

OHVV�WKDQ�����SUHGLFWHG���3DWLHQWV�ZLWK�FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��&23'��FDQ

KDYH�)(9V�UDQJLQJ�IURP����WR�����RI�SUHGLFWHG��DJDLQ�GHSHQGLQJ�RQ�GLVHDVH�VHYHULW\�

%HFDXVH�RI�WKHLU�GHSUHVVHG�IXQFWLRQDO�VWDWH��VPDOO�DEVROXWH�FKDQJHV�LQ�OXQJ�IXQFWLRQ�RI

LQGLYLGXDOV�ZLWK�SUHH[LVWLQJ�SXOPRQDU\�GLVHDVH�KDYH�D�ODUJHU�UHODWLYH�LPSDFW�WKDQ�IRU�KHDOWK\

LQGLYLGXDOV���)RU�H[DPSOH��D�����P/�)(9��GHFUHDVH�LQ�D�KHDOWK\�\RXQJ�PDQ�ZLWK�DQ�)(9��RI

������P/�FDXVHV�RQO\�D�����GHFOLQH���,Q�D����\HDU�ROG�&23'�SDWLHQW�ZLWK�DQ�)(9��WKDW�LV

����RI�SUHGLFWHG��RU�DERXW�������P/��D�����P/�GHFOLQH�LQ�)(9��ZRXOG�UHVXOW�LQ�D����

GHFOLQH�LQ�)(9����$VWKPDWLFV�ZLWK�GHSUHVVHG�EDVHOLQH�IXQFWLRQ�ZRXOG�KDYH�VLPLODUO\�PDJQLILHG

UHODWLYH�UHVSRQVHV�DQG��EHFDXVH�RI�LQFUHDVHG�EURQFKLDO�UHVSRQVLYHQHVV��PD\�DOVR�H[SHULHQFH

ODUJHU�FKDQJHV�LQ�DLUZD\�UHVLVWDQFH���(YDOXDWLQJ�WKH�LQWHUVHFWLRQ�RI�ULVN�IDFWRUV�DQG�H[SRVXUHV

LV�PRUH�FRPSOH[���+RZHYHU��DQ�LQGLYLGXDO�ZLWK�PRUH�VHYHUH�OXQJ�GLVHDVH�LV�XQOLNHO\�WR�HQJDJH

LQ�KHDY\�H[HUWLRQ�DQG��WKXV��ZRXOG�EH�OHVV�OLNHO\�WR�HQFRXQWHU�DQ�HIIHFWLYH�H[SRVXUH�WR�2��

$ERXW����PLOOLRQ�SHRSOH�LQ�WKH�8QLWHG�6WDWHV��DSSUR[LPDWHO\����RI�WKH�SRSXODWLRQ��DUH

HVWLPDWHG�WR�KDYH�DVWKPD��1DWLRQDO�,QVWLWXWHV�RI�+HDOWK����������7KH�SUHYDOHQFH�LV�KLJKHU

DPRQJ�$IULFDQ�$PHULFDQV��ROGHU�����WR����\HDU�ROG��FKLOGUHQ��DQG�XUEDQ�UHVLGHQWV���7KH�DQQXDO

LQFLGHQFH�RI�KRVSLWDOL]DWLRQ�IRU�DOO�DVWKPDWLF�LQGLYLGXDOV�LV�HVWLPDWHG�WR�EH�DERXW����SHU�����

�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK����������$OWKRXJK�GHDWK�GXH�WR�DVWKPD�LV�D�UHODWLYHO\�LQIUHTXHQW

HYHQW��L�H���RQ�DQ�DQQXDO�EDVLV��DERXW�RQH�GHDWK�RFFXUV�SHU��������DVWKPDWLF�LQGLYLGXDOV���RYHU

�����GHDWKV�DUH�DWWULEXWHG�WR�DVWKPD�HDFK�\HDU���0RUWDOLW\�UDWHV�DUH�KLJKHU�DPRQJ�PDOHV�DQG

DUH�DW�OHDVW������KLJKHU�DPRQJ�QRQZKLWHV���,Q�WZR�ODUJH�XUEDQ�FHQWHUV��1HZ�<RUN�DQG

&KLFDJR���PRUWDOLW\�UDWHV�IURP�DVWKPD�DPRQJ�QRQZKLWHV�PD\�H[FHHG�WKH�FLW\�DYHUDJH�E\�XS�WR

ILYHIROG��6O\��������1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��������:HLVV�DQG�:DJHQHU��������&DUU�HW�DO��

��������$OWKRXJK�VRPH�LQQHUFLW\�DUHDV�PD\�KDYH�ORZHU�2��FRQFHQWUDWLRQV�WKDQ�VRPH�VXEXUEDQ

DUHDV��2��FRQFHQWUDWLRQV�DUH�PXFK�KLJKHU�WKDQ�WKRVH�LQ�PRVW�UXUDO�DUHDV���7KH�LPSDFW�RI
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DPELHQW�2��RQ�DVWKPD�PRUELGLW\�DQG�PRUWDOLW\�LQ�WKLV�DSSDUHQWO\�VXVFHSWLEOH�SRSXODWLRQ�LV�QRW

ZHOO�XQGHUVWRRG���7KRVH�HSLGHPLRORJLFDO�VWXGLHV�ZKLFK�KDYH�EHHQ�FRQGXFWHG�WR�GDWH�DUH�VXEMHFW

WR�FRQIRXQGLQJ�IDFWRUV�DQG�KDYH�UDUHO\�IRFXVHG�RQ�LQQHUFLW\�QRQZKLWH�DVWKPDWLFV��

)XUWKHUPRUH��FRQWUROOHG�KXPDQ�H[SRVXUH�VWXGLHV�RI�DVWKPDWLFV�W\SLFDOO\�LQFOXGH�PLOG�WR

PRGHUDWH�DVWKPDWLFV�DQG�DOVR�KDYH�QRW�GHDOW�VSHFLILFDOO\�ZLWK�QRQZKLWH�DVWKPDWLFV�

$�QXPEHU�RI�HSLGHPLRORJLFDO�VWXGLHV�KDYH�VKRZQ�D�FRQVLVWHQW�UHODWLRQVKLS�EHWZHHQ

DPELHQW�R[LGDQW�H[SRVXUH�DQG�DFXWH�UHVSLUDWRU\�PRUELGLW\�LQ�WKH�SRSXODWLRQ���'HFUHDVHG�OXQJ

IXQFWLRQ�DQG�LQFUHDVHG�UHVSLUDWRU\�V\PSWRPV��LQFOXGLQJ�H[DFHUEDWLRQ�RI�DVWKPD��RFFXU�ZLWK

LQFUHDVLQJ�DPELHQW�2���HVSHFLDOO\�LQ�FKLOGUHQ���0RGLI\LQJ�IDFWRUV��VXFK�DV�DPELHQW�WHPSHUDWXUH�

DHURDOOHUJHQV��DQG�RWKHU�FRSROOXWDQWV��H�J���SDUWLFOHV��DOVR�FDQ�FRQWULEXWH�WR�WKLV�UHODWLRQVKLS��

2]RQH�DLU�SROOXWLRQ�FDQ�DFFRXQW�IRU�D�SRUWLRQ�RI�VXPPHUWLPH�KRVSLWDO�DGPLVVLRQV�DQG

HPHUJHQF\�URRP�YLVLWV�IRU�UHVSLUDWRU\�FDXVHV���6WXGLHV�FRQGXFWHG�LQ�YDULRXV�ORFDWLRQV�LQ�WKH

HDVWHUQ�8QLWHG�6WDWHV��&RG\�HW�DO���������7KXUVWRQ�HW�DO���������������:KLWH�HW�DO��������

6FKZDUW]�����D�E�F��DQG�&DQDGD��%DWHV�HW�DO���������/LSIHUW�DQG�+DPPHUVWURP��������%XUQHWW

HW�DO���������'HOILQR�HW�DO�������D�E��FRQVLVWHQWO\�KDYH�VKRZQ�D�UHODWLRQVKLS�ZLWK�LQFUHDVHG

LQFLGHQFH�RI�YLVLWV�DQG�DGPLVVLRQV��HYHQ�DIWHU�FRQWUROOLQJ�IRU�PRGLI\LQJ�IDFWRUV��DV�ZHOO�DV

ZKHQ�FRQVLGHULQJ�RQO\�FRQFHQWUDWLRQV�������SSP�2����,W�KDV�EHHQ�HVWLPDWHG�IURP�WKHVH�VWXGLHV

WKDW�2��PD\�DFFRXQW�IRU�URXJKO\�RQH�WR�WKUHH�H[FHVV�VXPPHUWLPH�UHVSLUDWRU\�KRVSLWDO

DGPLVVLRQV�SHU�KXQGUHG�SDUWV�SHU�ELOOLRQ�2���SHU�PLOOLRQ�SHUVRQV���,Q�6HFWLRQ�9�+�RQ�R]RQH

KHDOWK�ULVN�DVVHVVPHQW��)LJXUH�9����VXPPDUL]HV�WKH�H[FHVV�DQQXDO�KRVSLWDO�DGPLVVLRQV�RI

DVWKPDWLFV�DWWULEXWDEOH�WR�2��H[SRVXUH�IRU�DOWHUQDWLYH�DLU�TXDOLW\�VFHQDULRV�DQG�SURYLGHV��HIIHFW

VL]H��DQG��UHODWLYH�ULVN��HVWLPDWHV�

7KH�DVVRFLDWLRQ�EHWZHHQ�HOHYDWHG�DPELHQW�2��FRQFHQWUDWLRQV�GXULQJ�WKH�VXPPHU�PRQWKV

DQG�LQFUHDVHG�KRVSLWDO�YLVLWV�DQG�DGPLVVLRQV�IRU�UHVSLUDWRU\�FDXVHV�KDV�D�SODXVLEOH�ELRORJLF

EDVLV�LQ�WKH�SK\VLRORJLF��V\PSWRPDWLF��DQG�ILHOG�VWXG\�HYLGHQFH�GLVFXVVHG�HDUOLHU���6SHFLILFDOO\�

LQFUHDVHG�DLUZD\�UHVLVWDQFH��EURQFKLDO�UHVSRQVLYHQHVV��VXVFHSWLELOLW\�WR�UHVSLUDWRU\�LQIHFWLRQ�

DLUZD\�SHUPHDELOLW\��DQG�LQFLGHQFH�RI�DVWKPD�DWWDFNV�DQG�DLUZD\�LQIODPPDWLRQ�VXJJHVW�WKDW

DPELHQW�2��H[SRVXUH�FRXOG�EH�D�FDXVH�RI�WKH�LQFUHDVHG�KRVSLWDO�DGPLVVLRQV��SDUWLFXODUO\�IRU

DVWKPDWLFV��&'��6HF���������
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�� 'DLO\�0RUWDOLW\

6HYHUDO�VWXGLHV�SXEOLVKHG�GXULQJ�WKH�����
V��&DOLIRUQLD�'HSW��RI�3XEOLF�+HDOWK�������

������������0LOOV������D�E���WKH�����
V��7XFNHU��������0DVVH\�HW�DO���������0LOOV������

+HFKWHU�DQG�*ROGVPLWK���������DQG�WKH�����
V��%LHUVWHNHU�DQG�(YHQGLMN��������KDYH�VXJJHVWHG

D�SRVVLEOH�DVVRFLDWLRQ�RI�2��RU�R[LGDQWV�ZLWK�KXPDQ�PRUWDOLW\���0RVW�RI�WKHVH�VWXGLHV�ZHUH

FRQGXFWHG�XVLQJ�GDWD�IURP�/RV�$QJHOHV��&$��DQG�DOO�ZHUH�IODZHG�LQ�VRPH�ZD\��ZKLFK

SUHYHQWHG�GUDZLQJ�DQ\�GHILQLWLYH�FRQFOXVLRQV�LQ�HDUOLHU�FULWHULD�GRFXPHQWV�

6HYHUDO�GDLO\�PRUWDOLW\�VWXGLHV�SXEOLVKHG�PRUH�UHFHQWO\�KDYH�SURYLGHG�DGGLWLRQDO�

WKRXJK�OLPLWHG��HYLGHQFH�RI�WKH�DVVRFLDWLRQ�EHWZHHQ�2��DQG�GDLO\�PRUWDOLW\���7KH�6KXPZD\�HW

DO���������DQDO\VLV�RI������WR������/$�&RXQW\�PRUWDOLW\�GDWD�LQGLFDWHG�WKDW�GLVHDVH�IDFWRUV�DQG

RWKHU�SROOXWDQWV�GRPLQDWH�WKH�VHDVRQDO�F\FOHV�LQ�PRUWDOLW\�LQ�/$���+RZHYHU��WKH�.LQQH\�DQG

2]ND\QDN��������UHDQDO\VLV�RI�WKH�6KXPZD\�HW�DO���������GDWD�FRQFOXGHG�WKDW�2��H[SODLQHG�D

VPDOO��EXW�VWDWLVWLFDOO\�VLJQLILFDQW��SRUWLRQ�RI�GD\�WR�GD\�YDULDWLRQV�LQ�WRWDO�PRUWDOLW\�LQ�WKDW�FLW\

RYHU�D����\HDU�SHULRG���7KH�DXWKRUV�RI�WKH�UHDQDO\VLV�GLG�UHFRJQL]H�WKDW�WKH�SRVVLEOH�PHFKDQLVP

OLQNLQJ�2��ZLWK�PRUWDOLW\�LV�VSHFXODWLRQ�EDVHG�RQ�NQRZQ�DFXWH�SXOPRQDU\�HIIHFWV���7KH\�IXUWKHU

HPSKDVL]H�WKDW��DOWKRXJK�VWDWLVWLFDOO\�VLJQLILFDQW�DVVRFLDWLRQV�KDYH�EHHQ�GHWHFWHG�DPRQJ

PRUWDOLW\�DQG�HQYLURQPHQWDO�YDULDEOHV��RQH�FDQ�QRW�FRQFOXGH�ZLWK�FRPSOHWH�FRQILGHQFH�WKDW

VXFK�DVVRFLDWLRQV�DUH�FDXVDO�EDVHG�RQ�UHVXOWV�IURP�DQ�REVHUYDWLRQDO�VWXG\�

7RWDO�GDLO\�KXPDQ�PRUWDOLW\�GDWD�LQ�'HWURLW��0,�GXULQJ�WKH�SHULRG�IURP������WR�����

ZHUH�DQDO\]HG�E\�6FKZDUW]��������WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�SDUWLFXODWH�PDWWHU�RQ�PRUWDOLW\

DQG�FRQFOXGHG�WKDW�2��ZDV��KLJKO\�LQVLJQLILFDQW�DV�D�SUHGLFWRU�RI�GDLO\�PRUWDOLW\����7KH�&'

�6HF�����������FRQFOXGHG�WKDW�WKH�SRRU�GRFXPHQWDWLRQ�RI�WKH�PRUWDOLW\�2��PRGHOLQJ��HVSHFLDOO\

UHJDUGLQJ�WKH�ODFN�RI�PRGHO�VSHFLILFDWLRQ�GHWDLOV�RU�PRGHO�FRHIILFLHQW�LQWHUFRUUHODWLRQV��PDNHV

WKH�DXWKRU
V�VWDWHPHQW�YHU\�GLIILFXOW�WR�HYDOXDWH���)LQDOO\��'RFNHU\�HW�DO���������FRQGXFWHG�DQ

DQDO\VLV�RI�WRWDO�GDLO\�PRUWDOLW\�LQ�6W��/RXLV��02�DQG�.LQJVWRQ�+DUULPDQ��71�GXULQJ�WKH

SHULRG�6HSWHPEHU������WR�$XJXVW�������DOVR�ZLWK�WKH�LQWHQWLRQ�RI�DVVHVVLQJ�WKH�HIIHFWV�RI

SDUWLFXODWH�PDWWHU�RQ�PRUWDOLW\���$OWKRXJK�WKH�'RFNHU\�HW�DO���������VWXG\�VKRZHG�QR
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DVVRFLDWLRQ�EHWZHHQ�2��DQG�PRUWDOLW\��WKLV�PD\�KDYH�EHHQ�LQ�SDUW�D�UHVXOW�RI�WKH�SDUWLFXODU

PHWKRGRORJLFDO�DQG�H[SRVXUH�FKDUDFWHULVWLFV�RI�WKH�VWXG\�YLV�D�YLV�LGHQWLILFDWLRQ�RI�2��KHDOWK

HIIHFWV���7KHUHIRUH��WKH�&'��6HF�������FRQFOXGHV�WKDW�DOWKRXJK�DQ�DVVRFLDWLRQ�EHWZHHQ�DPELHQW

2��H[SRVXUH�LQ�DUHDV�ZLWK�YHU\�KLJK�2��OHYHOV�DQG�GDLO\�PRUWDOLW\�KDV�EHHQ�VXJJHVWHG��WKH

VWUHQJWK�RI�DQ\�VXFK�DVVRFLDWLRQ�UHPDLQV�XQFOHDU�DW�WKLV�WLPH�

�� $FXWH�,QIODPPDWLRQ�DQG�5HVSLUDWRU\�&HOO�'DPDJH

2]RQH�KDV�WKH�SRWHQWLDO�WR�LQGXFH�LQIODPPDWRU\�UHVSRQVHV�WKURXJKRXW�WKH�UHVSLUDWRU\

WUDFW��LQFOXGLQJ�WKH�QDVRSKDU\QJHDO�UHJLRQ�DQG�WKH�OXQJV���+XPDQV�DQG�ODERUDWRU\�DQLPDOV

H[SRVHG�WR�2��FDQ�GHYHORS�LQIODPPDWLRQ�DQG�LQFUHDVHG�SHUPHDELOLW\�LQ�WKH�QDVDO�SDVVDJHV���$

SRVLWLYH�FRUUHODWLRQ�ZDV�UHSRUWHG�EHWZHHQ�QDVDO�LQIODPPDWLRQ�LQ�FKLOGUHQ�DQG�PHDVXUHG

DPELHQW�2��FRQFHQWUDWLRQV���([SHULPHQWDO�VWXGLHV�RI�UDWV�VXJJHVW�D�SRWHQWLDO�FRPSHWLQJ

PHFKDQLVP�EHWZHHQ�WKH�QRVH�DQG�OXQJ��ZLWK�LQIODPPDWLRQ�RFFXUULQJ�SUHIHUHQWLDOO\�LQ�WKH�QRVH

DW�ORZHU�2��FRQFHQWUDWLRQV�DQG�VKLIWLQJ�WR�WKH�OXQJ�DW�KLJKHU�FRQFHQWUDWLRQV���,W�LV�XQFOHDU�LI�WKLV

UHSUHVHQWV�D�SHFXOLDULW\�RI�UDWV�RU�LV�D�PRUH�JHQHUDO�SKHQRPHQRQ��&'��6HF�����������

,Q�JHQHUDO��UHVSLUDWRU\�LQIODPPDWLRQ�FDQ�EH�FRQVLGHUHG�WR�EH�D�KRVW�UHVSRQVH�WR�LQMXU\

DQG�LQGLFDWRUV�RI�LQIODPPDWLRQ�DV�HYLGHQFH�WKDW�UHVSLUDWRU\�FHOO�GDPDJH�KDV�RFFXUUHG��

,QIODPPDWLRQ�LQGXFHG�E\�H[SRVXUH�RI�KXPDQV�WR�2��FDQ�KDYH�VHYHUDO�SRWHQWLDO�RXWFRPHV������

LQIODPPDWLRQ�LQGXFHG�E\�D�VLQJOH�H[SRVXUH��RU�HYHQ�VHYHUDO�H[SRVXUHV�RYHU�WKH�FRXUVH�RI�D

VHDVRQ��FDQ�UHVROYH�HQWLUHO\������UHSHDWHG�DFXWH�LQIODPPDWLRQ�FDQ�GHYHORS�LQWR�D�FKURQLF

LQIODPPDWRU\�VWDWH������FRQWLQXHG�LQIODPPDWLRQ�FDQ�DOWHU�WKH�VWUXFWXUH�DQG�IXQFWLRQ�RI�RWKHU

SXOPRQDU\�WLVVXH��OHDGLQJ�WR�GLVHDVH�SURFHVVHV�VXFK�DV�ILEURVLV������LQIODPPDWLRQ�FDQ�LQWHUIHUH

ZLWK�WKH�ERG\
V�KRVW�GHIHQVH�UHVSRQVH�WR�SDUWLFOHV�DQG�LQKDOHG�PLFURRUJDQLVPV��SDUWLFXODUO\�LQ

SRWHQWLDOO\�YXOQHUDEOH�SRSXODWLRQV�VXFK�DV�FKLOGUHQ�DQG�ROGHU�LQGLYLGXDOV��DQG�����LQIODPPDWLRQ

FDQ�LQWHUIHUH�ZLWK�WKH�OXQJ
V�UHVSRQVH�WR�RWKHU�DJHQWV�VXFK�DV�DOOHUJHQV�RU�WR[LQV���([FHSW�IRU

RXWFRPH������WKH�SRVVLEOH�FKURQLF�UHVSRQVHV�KDYH�QRW�EHHQ�GHPRQVWUDWHG�ZLWK�LQIODPPDWLRQ

LQGXFHG�E\�H[SRVXUH�RI�KXPDQV�WR�2����,W�LV�DOVR�SRVVLEOH�WKDW�WKH�SURILOH�RI�UHVSRQVH�FDQ�EH

DOWHUHG�LQ�SHUVRQV�ZLWK�SUHH[LVWLQJ�SXOPRQDU\�GLVHDVH��H�J���DVWKPD��&23'��RU�VPRNHUV��

7KH�UHFHQW�XVH�RI�EURQFKRDOYHRODU�ODYDJH��%$/��DV�D�UHVHDUFK�WRRO�LQ�KXPDQV�KDV

DIIRUGHG�WKH�RSSRUWXQLW\�WR�VDPSOH�FHOOV�DQG�IOXLG�IURP�WKH�OXQJ�DQG�ORZHU�DLUZD\V�RI�KXPDQV
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H[SRVHG�WR�2��DQG�WR�DVFHUWDLQ�WKH�H[WHQW�DQG�FRXUVH�RI�LQIODPPDWLRQ�DQG�LWV�FRQVWLWXWLYH

HOHPHQWV���6HYHUDO�VWXGLHV��$ULV�HW�DO�������D�E��6FKHOHJOH�HW�DO���������.RUHQ�HW�DO�������D�E�

'HYOLQ�DQG�.RUHQ��������0F*HH�HW�DO���������.RUHQ�HW�DO���������'HYOLQ�HW�DO���������+D]XFKD

HW�DO���������6HOW]HU�HW�DO���������KDYH�VKRZQ�WKDW�KXPDQV�H[SRVHG�IRU�VKRUW�WHUP�SHULRGV�����WR

���KU��WR�����WR�����SSP�2��KDG�2��LQGXFHG�LQIODPPDWLRQ��FHOO�GDPDJH��DQG�DOWHUHG

SHUPHDELOLW\�RI�HSLWKHOLDO�FHOOV�OLQLQJ�WKH�UHVSLUDWRU\�WUDFW��DOORZLQJ�FRPSRQHQWV�IURP�SODVPD�WR

HQWHU�WKH�OXQJ����7KH�ORZHVW�FRQFHQWUDWLRQ�RI�2��WHVWHG�������SSP�IRU�����KRXUV�ZLWK�PRGHUDWH

H[HUFLVH��DOVR�LQGXFHG�VPDOO�EXW�VWDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVHV�LQ�WKHVH�HQGSRLQWV��'HYOLQ�HW

DO���������������.RUHQ�HW�DO���������

3RO\PRUSKRQXFOHDU�OHXNRF\WHV��301V���JHQHUDOO\�FRQVLGHUHG�WR�EH�WKH�KDOOPDUN�RI

LQIODPPDWLRQ��PDNH�XS���WR�����RI�UHFRYHUHG�%$/�FHOOV�LQ�LQGLYLGXDOV�H[SRVHG�IRU���KUV�WR

����WR�����SSP�2���6HOW]HU�HW�DO�����������7KLV�LV�D����WR���IROG�LQFUHDVH�LQ�301V�FRPSDUHG�WR

VLPLODU�LQGLYLGXDOV�H[SRVHG�WR�FOHDQ�DLU��ZKR�W\SLFDOO\�KDYH���WR����301V�LQ�WKHLU�%$/�IOXLG�

�$VWKPDWLF�LQGLYLGXDOV�JHQHUDOO\�KDYH�EDVHOLQH�OHYHOV�RI�301V�ZKLFK�GR�QRW�GLIIHU�VLJQLILFDQWO\

IURP�WKRVH�RI�KHDOWK\�LQGLYLGXDOV��EXW�301�OHYHOV�FDQ�LQFUHDVH�IROORZLQJ�DOOHUJHQ

EURQFKRSURYRFDWLRQ��&'��6HF�����������

�([SRVXUHV�RI�DQLPDOV�WR�2��IRU�SHULRGV����KU�DOVR�UHVXOW�LQ�FHOO�GDPDJH�

LQIODPPDWLRQ��DQG�DOWHUHG�SHUPHDELOLW\��DOWKRXJK��LQ�JHQHUDO��KLJKHU�2��FRQFHQWUDWLRQV�DUH

UHTXLUHG�WR�HOLFLW�D�UHVSRQVH�HTXLYDOHQW�WR�WKDW�RI�KXPDQV���%HFDXVH�KXPDQV�ZHUH�H[SRVHG�WR�2�

ZKLOH�H[HUFLVLQJ�DQG�PRVW�DQLPDO�VWXGLHV�ZHUH�GRQH�DW�UHVW��GLIIHUHQFHV�LQ�YHQWLODWLRQ�OLNHO\

SOD\�D�VLJQLILFDQW�UROH�LQ�WKH�GLIIHUHQW�UHVSRQVH�RI�KXPDQV�DQG�URGHQWV�WR�WKH�VDPH

2��FRQFHQWUDWLRQ���6WXGLHV�LQ�ZKLFK�ODERUDWRU\�DQLPDOV�ZHUH�H[SRVHG�DW�QLJKW��GXULQJ�WKHLU

DFWLYH�SHULRG��RU�LQ�ZKLFK�YHQWLODWLRQ�ZDV�LQFUHDVHG�ZLWK�&2��WHQG�WR�VXSSRUW�WKLV�LGHD��&'�

6HF�����������

6WXGLHV�XWLOL]LQJ�%$/�WHFKQLTXHV�VDPSOH�RQO\�IUHH�RU�ORRVHO\�DGKHUHQW�FHOOV�LQ�WKH�OXQJ�

WKXV��LW�LV�SRVVLEOH�WKDW�FHOOXODU�FKDQJHV�KDYH�RFFXUUHG�LQ�WKH�LQWHUVWLWLXP�WKDW�DUH�QRW�UHIOHFWHG

LQ�%$/�VWXGLHV��RU�WKDW�%$/�FKDQJHV�H[LVW�LQ�WKH�DEVHQFH�RI�LQWHUVWLWLDO�FKDQJHV���+RZHYHU�

PRUSKRPHWULF�DQDO\VHV�RI�LQIODPPDWRU\�FHOOV�SUHVHQW�LQ�OXQJ�DQG�DLUZD\�WLVVXH�VHFWLRQV�RI

DQLPDOV�H[SRVHG�WR�2��DUH�LQ�JHQHUDO�DJUHHPHQW�ZLWK�%$/�VWXGLHV����2]RQH�H[SRVXUHV�RI��
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��KUV�FDXVH�VLPLODU�W\SHV�RI�DOWHUDWLRQV�LQ�OXQJ�PRUSKRORJ\�LQ�DOO�ODERUDWRU\�DQLPDO�VSHFLHV

VWXGLHG���7KH�PRVW�DIIHFWHG�FHOOV�DUH�WKH�FLOLDWHG�HSLWKHOLDO�FHOOV�RI�WKH�DLUZD\V�DQG�7\SH���FHOOV

LQ�WKH�DOYHRODU�UHJLRQ���7KH�FHQWULDFLQDU�UHJLRQ��&$5���WKH�MXQFWLRQ�RI�WKH�FRQGXFWLQJ�DLUZD\V

DQG�JDV�H[FKDQJH�UHJLRQ��LV�D�SULPDU\�WDUJHW�LQ�DOO�VSHFLHV�VWXGLHG��SRVVLEO\�EHFDXVH�LW�UHFHLYHV

WKH�JUHDWHVW�GRVH�RI�2��GHOLYHUHG�WR�WKH�ORZHU�UHVSLUDWRU\�WUDFW���6ORXJKLQJ�RI�FLOLDWHG�HSLWKHOLDO

DQG�7\SH���FHOOV�RFFXUV�ZLWKLQ���WR���KUV�RI�H[SRVXUH�RI�UDWV�WR�����SSP�2���

)LQGLQJV�IURP�KXPDQ�DQG�DQLPDO�VWXGLHV�VKRZ�WKDW�WKH�2��LQGXFHG�LQIODPPDWRU\

UHVSRQVH�RFFXUV�UDSLGO\�DQG�SHUVLVWV�IRU�DW�OHDVW����KUV���,QFUHDVHG�OHYHOV�RI�QHXWURSKLOV�DQG

SURWHLQ�DUH�REVHUYHG�LQ�WKH�%$/�IOXLG�ZLWKLQ���KU�IROORZLQJ�D���KU�H[SRVXUH�RI�KXPDQV�WR

2��DQG�FRQWLQXH�IRU�DW�OHDVW����KUV���7KH�NLQHWLFV�RI�UHVSRQVH�GXULQJ�WKLV�WLPH�KDYH�QRW�EHHQ

ZHOO�VWXGLHG�LQ�KXPDQV��DOWKRXJK�D�VLQJOH�VWXG\�VKRZV�WKDW�QHXWURSKLO�OHYHOV�DUH�KLJKHU�DW

��KRXUV�SRVWH[SRVXUH�WKDQ�DW���RU����KUV�LQ�GLIIHUHQW�LQGLYLGXDOV���6HYHUDO�DQLPDO�VWXGLHV

VXJJHVW�WKDW�QHXWURSKLO�DQG�%$/�SURWHLQ�OHYHOV�SHDN����WR����KUV�DIWHU�DQ�DFXWH�2��H[SRVXUH

DQG�EHJLQ�WR�GHFOLQH�E\����KUV��DOWKRXJK�VRPH�VWXGLHV�UHSRUW�GHWHFWDEOH�%$/�QHXWURSKLOV�HYHQ

���KUV�DIWHU�H[SRVXUH���,W�LV�DOVR�FOHDU�WKDW�LQ�KXPDQV�WKH�SDWWHUQ�RI�UHVSRQVH�GLIIHUV�IRU

GLIIHUHQW�LQIODPPDWRU\�PHGLDWRUV���0HGLDWRUV�RI�DFXWH�LQIODPPDWLRQ��VXFK�DV�LQWHUOHXNLQ����,/�

���DQG�SURVWDJODQGLQ�(���3*(����DUH�PRUH�HOHYDWHG�LPPHGLDWHO\�DIWHU�H[SRVXUH��ZKHUHDV

PHGLDWRUV�WKDW�SRWHQWLDOO\�FRXOG�SOD\�D�UROH�LQ�UHVROYLQJ�LQIODPPDWLRQ��VXFK�DV�ILEURQHFWLQ�DQG

SODVPLQRJHQ�DFWLYDWRU��DUH�SUHIHUHQWLDOO\�HOHYDWHG����KRXUV�DIWHU�H[SRVXUH���7KH�UDSLGLW\�ZLWK

ZKLFK�FHOOXODU�DQG�ELRFKHPLFDO�PHGLDWRUV�DUH�LQGXFHG�E\�2��PDNHV�LW�FRQFHLYDEOH�WKDW�VRPH�RI

WKHP�PD\�SOD\�D�UROH�LQ�2��LQGXFHG�FKDQJHV�LQ�OXQJ�IXQFWLRQ���,QGHHG��WKHUH�LV�VRPH�HYLGHQFH

WKDW�%$/�3*(��OHYHOV�DUH�FRUUHODWHG�ZLWK�GHFUHPHQWV�LQ�)(9���DQG�DQWL�LQIODPPDWRU\

PHGLFDWLRQV�WKDW�EORFN�3*(��SURGXFWLRQ�DOVR�UHGXFH�RU�EORFN�WKH�VSLURPHWULF�UHVSRQVHV�WR�2���

$OWKRXJK�HDUOLHU�VWXGLHV�VXJJHVWHG�WKDW�2��LQGXFHG�301�LQIOX[�PLJKW�FRQWULEXWH�WR�WKH

REVHUYHG�LQFUHDVH�LQ�DLUZD\�K\SHUUHDFWLYLW\��DQLPDO�VWXGLHV�VKRZ�WKDW�ZKHQ�QHXWURSKLOV�DUH

SUHYHQWHG�IURP�HQWHULQJ�WKH�OXQJ��2��LQGXFHG�K\SHUUHDFWLYLW\�RU�LQFUHDVHV�LQ�PDQ\

LQIODPPDWRU\�PHGLDWRUV�VWLOO�RFFXU���,Q�DGGLWLRQ��VWXGLHV�LQ�ZKLFK�DQWL�LQIODPPDWRU\�GUXJV�DUH

XVHG�WR�EORFN�2��LQGXFHG�OXQJ�IXQFWLRQ�GHFUHPHQWV�VWLOO�VKRZ�LQFUHDVHV�LQ�QHXWURSKLOV�DQG�PRVW

RWKHU�LQIODPPDWRU\�PHGLDWRUV��DOWKRXJK�3*(��LV�QRW�LQFUHDVHG���&'��6HF�����������
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,W�LV�WKH�YLHZ�RI�VWDII�DQG�RI�PHGLFDO�H[SHUWV�FRQVXOWHG�WKDW�WKH�UHSHDWHG�DFXWH

LQIODPPDWRU\�UHVSRQVH�DQG�PRUSKRORJLFDO�FKDQJHV�GLVFXVVHG�DERYH�LV�SRWHQWLDOO\�D�PDWWHU�RI

SXEOLF�KHDOWK�FRQFHUQ��KRZHYHU��LW�LV�DOVR�UHFRJQL]HG�WKDW�PRVW��LI�QRW�DOO��RI�WKHVH�HIIHFWV�KDYH

EHJXQ�WR�UHVROYH�LQ�PRVW�LQGLYLGXDOV�ZLWKLQ����KUV�LI�WKH�H[SRVXUH�WR�2��LV�QRW�UHSHDWHG���2I

SRVVLEO\�JUHDWHU�SXEOLF�KHDOWK�FRQFHUQ�LV�WKH�SRWHQWLDO�IRU�FKURQLF�UHVSLUDWRU\�GDPDJH�ZKLFK

FRXOG�EH�WKH�UHVXOW�RI�UHSHDWHG�2��H[SRVXUHV�RFFXUULQJ�RYHU�D�VHDVRQ�RU�D�OLIHWLPH���7KH

HYLGHQFH�IRU�WKHVH�FKURQLF�HIIHFWV�LV�GLVFXVVHG�LQ�WKH�IROORZLQJ�VHFWLRQ�

����&KURQLF�5HVSLUDWRU\�'DPDJH

7R�HYDOXDWH�WKH�LPSDFW�RQ�WKH�KXPDQ�UHVSLUDWRU\�V\VWHP�RI�ORQJ�WHUP�H[SRVXUHV�WR�2��

LW�KDV�EHHQ�QHFHVVDU\�IRU�UHVHDUFKHUV�WR�XWLOL]H�WKH�UHVXOWV�IURP�ERWK�HSLGHPLRORJ\�DQG�DQLPDO

WR[LFRORJ\�VWXGLHV���7KHUH�DUH�FOHDU�OLPLWDWLRQV�LQ�XVLQJ�WKHVH�DSSURDFKHV�ZKLFK�FDQQRW�EH�IXOO\

RYHUFRPH�ZKHQ�FRPSDUHG�WR�FRQWUROOHG�H[SRVXUH�KXPDQ�H[SHULPHQWDO�VWXGLHV���(SLGHPLRORJ\

VWXGLHV�GR�QRW�SURYLGH�FOHDU�FDXVDO�UHODWLRQVKLSV�GXH�WR�WKH�SUHVHQFH�RI�FRQIRXQGLQJ�YDULDEOHV

�H�J���KHDW��KXPLGLW\��RWKHU�SROOXWDQWV���KRZHYHU��WKH�UHVXOWV�FDQ�SURYLGH�DVVRFLDWLRQV�ZKLFK

PD\�VXJJHVW�FDXVDO�UHODWLRQVKLSV���$QLPDO�WR[LFRORJ\�VWXGLHV��WKRXJK�OLPLWHG�E\�VSHFLHV

VHQVLWLYLW\�DQG�GRVLPHWU\�GLIIHUHQFHV�EHWZHHQ�KXPDQV�DQG�H[SHULPHQWDO�DQLPDOV��FDQ�RIIHU

FRQWUROOHG�H[SHULPHQWDO�FRQGLWLRQV�IRU�FKURQLF�H[SRVXUHV�DQG�WKHUHE\�SURYLGH�HYLGHQFH�RI

FDXVDO�UHODWLRQVKLSV���'RVLPHWULF�H[WUDSRODWLRQ�WHFKQLTXHV�KDYH�LPSURYHG�GRVH�WDUJHW�WLVVXH

UHODWLRQVKLSV��EXW�ODFN�RI�D�IXOO�XQGHUVWDQGLQJ�RI�VSHFLHV�VHQVLWLYLW\�GLIIHUHQFHV�EHWZHHQ�KXPDQV

DQG�DQLPDOV�OLPLWV�WKH�H[WHQW�WR�ZKLFK�UHVXOWV�RI�WR[LFRORJ\�GDWD�FDQ�EH�H[WUDSRODWHG�WR�KXPDQ

KHDOWK�HIIHFWV�

(SLGHPLRORJLF�VWXGLHV��$EEH\�HW�DO���������'HWHOV�HW�DO���������(XOHU�HW�DO��������

+RGJNLQ�HW�DO���������6FKZDUW]��������6WHUQ�HW�DO���������������3RUWQH\�DQG�0XOODK\�������

6FKPLW]EHUJHU�HW�DO���������WKDW�KDYH�LQYHVWLJDWHG�SRWHQWLDO�DVVRFLDWLRQV�EHWZHHQ�ORQJ�WHUP�2�

H[SRVXUHV�DQG�FKURQLF�UHVSLUDWRU\�HIIHFWV�LQ�KXPDQV�WKXV�IDU�KDYH�SURYLGHG�RQO\�VXJJHVWLYH

HYLGHQFH�WKDW�VXFK�D�UHODWLRQVKLS�H[LVWV���0RVW�VWXGLHV�LQYHVWLJDWLQJ�WKLV�DVVRFLDWLRQ�KDYH�EHHQ

FURVV�VHFWLRQDO�LQ�GHVLJQ�DQG�KDYH�EHHQ�FRPSURPLVHG�E\�LQFRPSOHWH�FRQWURO�RI�FRQIRXQGLQJ

YDULDEOHV�DQG�LQDGHTXDWH�H[SRVXUH�LQIRUPDWLRQ���2WKHU�VWXGLHV�KDYH�DWWHPSWHG�WR�IROORZ

YDULDEO\�H[SRVHG�JURXSV�SURVSHFWLYHO\���6WXGLHV�KDYH�EHHQ�FRQGXFWHG�LQ�6RXWKHUQ�&DOLIRUQLD
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�'HWHOV�HW�DO���������DQG�LQ�&DQDGD��6WHUQ�HW�DO���������������GHVLJQHG�WR�FRPSDUH�OXQJ

IXQFWLRQ�FKDQJHV�RYHU�VHYHUDO�\HDUV�EHWZHHQ�SRSXODWLRQV�OLYLQJ�LQ�FRPPXQLWLHV�ZLWK�KLJK�DQG

ORZ�R[LGDQW�DPELHQW�DLU�OHYHOV���:KLOH�UHFRJQL]LQJ�WKDW�SROOXWLRQ�OHYHOV�KDYH�LPSURYHG

PDUNHGO\�LQ�6RXWKHUQ�&DOLIRUQLD�GXULQJ�WKH�SDVW�VHYHUDO�GHFDGHV��WKH�ILQGLQJV�VWLOO�VXJJHVW

VPDOO��EXW�FRQVLVWHQW��GHFUHPHQWV�LQ�OXQJ�IXQFWLRQ�DPRQJ�LQKDELWDQWV�RI�WKH�PRUH�FRPPXQLWLHV

ZKLFK�KDYH�EHHQ�KLJKO\�SROOXWHG��KRZHYHU��DVVRFLDWLRQV�EHWZHHQ�2��DQG�RWKHU�FRSROOXWDQWV�DQG

SUREOHPV�ZLWK�VWXG\�SRSXODWLRQ�ORVV�KDYH�UHGXFHG�WKH�OHYHO�RI�FRQILGHQFH�LQ�WKHVH�FRQFOXVLRQV�

�$QRWKHU�VWXG\��$EEH\�HW�DO����������UHSRUWLQJ�DVVRFLDWLRQV�EHWZHHQ�2��DQG�WKH�LQFLGHQFH�DQG

VHYHULW\�RI�DVWKPD�LQ�6HYHQWK�'D\�$GYHQWLVWV�RYHU�D�GHFDGH��KDG�VLPLODU�UHVXOWV��EXW�ZHUH�HYHQ

OHVV�VXJJHVWLYH�GXH�WR�WKH�FROLQHDULW\�RI�2��ZLWK�RWKHU�DLU�SROOXWDQWV���7KLV�LV�ODUJHO\�GXH�WR�WKH

GLIILFXOW\�RI�SDUWLWLRQLQJ�HIIHFWV�EHWZHHQ�2��DQG�SDUWLFOHV���1HYHUWKHOHVV��LQ�DOO�RI�WKH�VWXGLHV

DVVHVVLQJ�OXQJ�IXQFWLRQ��WKH�SDWWHUQ�RI�G\VIXQFWLRQ�DVVRFLDWHG�ZLWK�WKH�ORQJ�WHUP�2��H[SRVXUH

KDV�EHHQ�FRQVLVWHQW�ZLWK�WKH�IXQFWLRQDO�DQG�VWUXFWXUDO�DEQRUPDOLWLHV�VHHQ�LQ�ODERUDWRU\�DQLPDOV�

DV�GLVFXVVHG�LQ�WKH�&'��6HF��������DQG�6HF�����������

7KH�DGYDQWDJH�RI�ODERUDWRU\�DQLPDO�VWXGLHV�LV�WKH�DELOLW\�WR�H[DPLQH�FORVHO\�WKH

GLVWULEXWLRQ�DQG�LQWHQVLW\�RI�WKH�2��LQGXFHG�PRUSKRORJLF�FKDQJHV�WKDW�KDYH�EHHQ�LGHQWLILHG

WKURXJKRXW�WKH�UHVSLUDWRU\�WUDFW��&'��6HF��������DQG�6HF�����������,QGHHG��FHOOV�RI�WKH�QRVH�

OLNH�WKH�GLVWDO�OXQJ��FOHDUO\�DUH�DIIHFWHG�E\�2����3HUKDSV�RI�JUHDWHU�KHDOWK�FRQFHUQ�DUH�WKH

�OHVLRQV���WKDW�RFFXU�LQ�WKH�VPDOO�DLUZD\V�DQG�LQ�WKH�FHQWULDFLQDU�UHJLRQV��&$5��RI�WKH�OXQJ

ZKHUH�WKH�DOYHROL�PHHW�WKH�GLVWDO�DLUZD\V��DV�SLFWXUHG�LQ�)LJXUH�9����&'��)LJXUH��������

$OWHUHG�IXQFWLRQ�RI�WKH�GLVWDO�DLUZD\V��WKH�SUR[LPDO�FRQGXLWV�RI�DLU�WR�WKH�JDV�H[FKDQJH

UHJLRQV��FDQ�UHVXOW�LQ�UHGXFHG�FRPPXQLFDWLRQ�RI�IUHVK�DLU�ZLWK�WKH�DOYHROL�DQG�DLU�WUDSSLQJ���,Q

IDFW���OHVLRQV��IRXQG�LQ�DQLPDOV�IROORZLQJ�FKURQLF�2��H[SRVXUHV�DUH�UHPLQLVFHQW�RI�WKH�HDUOLHVW

�OHVLRQV��IRXQG�LQ�UHVSLUDWRU\�EURQFKLROLWLV��VRPH�RI�ZKLFK�PD\�SURJUHVV�WR�ILEURWLF�OXQJ

GLVHDVH��.XKQ�HW�DO���������.LQJ���������

�/HVLRQV��LQ�WKH�&$5�DUH�RQH�RI�WKH�KDOOPDUNV�RI�2��WR[LFLW\��KDYLQJ�EHHQ�ZHOO

HVWDEOLVKHG���7KH�VWXG\�RI�&KDQJ�HW�DO���������H[SRVHG�UDWV�WR�DQ�XUEDQ�SDWWHUQ�RI�2������KU

                    

��'XULQJ�WKH�0DUFK������&$6$&�PHHWLQJ��DQG�LQ�VXEVHTXHQW�ZULWWHQ�FRPPHQWV��VXEVWDQWLDO�GLVDJUHHPHQW�ZDV�H[SUHVVHG
DPRQJ�3DQHO�PHPEHUV�UHJDUGLQJ�WKH�XVH�RI�WKH�WHUP��OHVLRQ����6RPH�EHOLHYH�XVH�RI�WKH�WHUP�LPSOLHV�PRUH�VHULRXV
GDPDJH�WKDQ�KDV�EHHQ�REVHUYHG�IRU�2��H[SRVXUHV��ZKLOH�RWKHU�3DQHO�PHPEHUV�EHOLHYH��OHVLRQ��LV�DQ�DSSURSULDWH�WHUP�WR
GHVFULEH�2��LQGXFHG�PRUSKRORJLFDO�DEQRUPDOLWLHV���7KH�&'��6HF�����������GHVFULEHV�DQG�GLVFXVVHV�WKHVH�GHJHQHUDWLYH
FKDQJHV��UHIHUUHG�WR�DV��OHVLRQV��IRU�SXUSRVHV�RI�WKH�&'�DQG�WKLV�6WDII�3DSHU�
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�����SSP�EDFNJURXQG����GD\V�ZHHN��RQ�ZKLFK�ZHUH�VXSHULPSRVHG���KU�SHDNV����GD\V�ZHHN�

VORZO\�ULVLQJ�WR������SSP��IRU����ZHHNV�DQG�PDGH�SHULRGLF�H[DPLQDWLRQV�RI�WKH�&$5
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WUDFKHREURQFKLDO�DQG�SUR[LPDO�DOYHROL�E\�7(0�PRUSKRPHWU\�GXULQJ�DQG�DIWHU�H[SRVXUH���,Q

JHQHUDO��&KDQJ�HW�DO���������IRXQG�����FKDQJHV�LQ�7\SH���DQG�7\SH���FHOO�YROXPH�ZKLFK

UHWXUQHG�WR�QRUPDO����ZHHNV�SRVW�H[SRVXUH������HSLWKHOLDO�DQG�HQGRWKHOLDO�EDVHPHQW�PHPEUDQH

ZHUH�WKLFNHQHG�DQG�DFFRPSDQLHG�E\�LQFUHDVHG�FROODJHQ�ILEHUV�DW����ZHHNV�SRVW�H[SRVXUH��DQG

����LQ�WKH�WUDFKHREURQFKLDO�UHJLRQV��VXUIDFH�DUHDV�RI�FLOLDWHG�DQG�QRQFLOLDWHG�FHOOV�GHFUHDVHG

GXULQJ�H[SRVXUH���,Q�D�UHODWHG�VWXG\�RI�LGHQWLFDOO\�H[SRVHG�JURXSV�RI�UDWV�

7HSSHU�HW�DO���������UHSRUWHG�����LQFUHDVHV�LQ�H[SLUDWRU\�UHVLVWDQFH�VXJJHVWLQJ�FHQWUDO�DLUZD\

QDUURZLQJ�DIWHU����ZHHNV�H[SRVXUH������WLGDO�YROXPHV�UHGXFHG�DW�DOO�HYDOXDWLRQ�WLPHV�GXULQJ�

WKH�H[SRVXUH��DQG�����EUHDWKLQJ�IUHTXHQF\�UHGXFHG�WKRXJK�QR�VLQJOH�HYDOXDWLRQ�WLPH�ZDV

VLJQLILFDQW���,Q�DQRWKHU�UHODWHG�VWXG\�ZLWK�VLPLODU�SURWRFRO��&RVWD�HW�DO���������UHSRUWHG�UHGXFHG

OXQJ�YROXPH��ZKLFK�LV�FRQVLVWHQW�ZLWK�D��VWLIIHU��OXQJ��L�H���UHVWULFWLYH�OXQJ�GLVHDVH��

$V�VKRZQ�LQ�)LJXUH�9����&'��)LJXUH��������WKH�WHPSRUDO�SDWWHUQ�RI�HIIHFWV

GXULQJ�DQG�DIWHU�D�FKURQLF�H[SRVXUH�LV�FRPSOH[���'XULQJ�WKH�HDUO\�GD\V�RI�H[SRVXUH��WKH�HQG�

FIGURE V-4.  SCHEMATIC COMPARISON OF THE DURATION-
RESPONSE PROFILES FOR EPITHELIAL
HYPERPLASIA, BRONCHIOLOALVEOLAR
EXUDATION, AND INTERSTITIAL FIBROSIS IN THE
CENTRIACINAR REGION OF LUNG EXPOSED TO A
CONSTANT LOW CONCENTRATION OF OZONE.

V-4.  SCHEMATIC COMPARISON OF THE DURATION-RESPONSE PROFILES
FOR EPITHELIAL HYPERPLASIA, BRONCHIOLOALVEOLAR EXUDATION,
AND INTERSTITIAL FIBROSIS IN THE CENTRIACINAR REGION OF LUNG
EXPOSED TO A CONSTANT LOW CONCENTRATION OF OZONE.
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6RXUFH���'XQJZRUWK���������&'��)LJXUH������
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DLUZD\�OXPHQDO�DQG�LQWHUVWLWLDO�LQIODPPDWLRQ�SHDNV��DQG��WKHUHDIWHU��DSSHDUV�WR�VXEVLGH�DW�D

ORZHU�SODWHDX�RI�DFWLYLW\�VRPHWLPHV�UHIHUUHG�WR�DV�D��VPROGHULQJ�OHVLRQ����6HYHUDO�F\WRNLQHV

UHPDLQ�HOHYDWHG�EH\RQG�WKH�DSSDUHQW�DGDSWDWLRQ�SKDVH�RI�WKH�UHVSRQVH�DQG�PD\�EH�OLQNHG

FRQFHSWXDOO\�WR�WKH�GHYHORSPHQW�RI�FKURQLF��OHVLRQV��LQ�WKH�GLVWDO�OXQJ���+RZHYHU��D�FOHDU

DVVRFLDWLRQ�RI�WKHVH�%$/�GHULYHG�PHGLDWRUV�DQG�FHOOV�ZLWK�ORQJ�WHUP�WR[LFLW\�KDV�\HW�WR�EH

GHPRQVWUDWHG��&'��6HF���������

$�PXOWLFHQWHU�FKURQLF�VWXG\��VXSSRUWHG�E\�WKH�1DWLRQDO�7R[LFRORJ\�3URJUDP��173��DQG

WKH�+HDOWK�(IIHFWV�,QVWLWXWH��+(,���LQYROYHG�QXPHURXV�UHVHDUFKHUV�DQG�ODERUDWRULHV��/DVW�HW�DO��

������6]DUHN��������5DGKDUNULVKQDPXUWK\��������3DUNV�DQG�5RE\��������+DUNHPD�DQG

0DXGHUO\��������+DUNHPD�HW�DO���������&KDQJ�HW�DO���������3LQNHUWRQ�HW�DO���������&DWDODQR�HW

DO�������D�E����7KLV�173��������VWXG\�IXUWKHU�LOOXVWUDWHV�VRPH�RI�WKH�FRPSOH[�LQWHUUHODWLRQVKLSV

DPRQJ�WKH�VWUXFWXUDO��IXQFWLRQDO��DQG�ELRFKHPLFDO�HIIHFWV���7KHVH�WKUHH�KHDOWK�HQGSRLQWV�ZHUH

HYDOXDWHG�LQ�D�FROODERUDWLYH�SURMHFW�XVLQJ�UDWV�H[SRVHG���KUV�GD\����GD\V�ZHHN�IRU����PRQWKV�WR

�����������������SSP�2����$OWKRXJK�OXQJ�ELRFKHPLVWU\�DQG

VWUXFWXUH�ZHUH�DIIHFWHG�DW�����SSP�DQG������SSP�EXW�QRW�DW������SSP�2���WKHUH�ZHUH�QR

REVHUYHG�HIIHFWV�RQ�SXOPRQDU\�IXQFWLRQ�DW�DQ\�H[SRVXUH�OHYHO�

&RPELQHG�DQDO\VHV�RI�WKH�173��������FROODERUDWLYH�VWXGLHV�VKRZHG�WKDW�����SSP�DQG

�����SSP�2��FDXVHG�D�YDULHW\�RI�VWUXFWXUDO�DQG�ELRFKHPLFDO�HIIHFWV���([SRVXUHV�WR������SSP�2�

FDXVHG�QR�PDMRU�HIIHFWV��DOWKRXJK�D�IHZ�VSHFLILF�HQGSRLQWV�ZHUH�DOWHUHG���+DOOPDUNV�RI�FKURQLF

UKLQLWLV��H�J���LQIODPPDWLRQ��PXFRXV�FHOO�K\SHUSODVLD��GHFUHDVHG�PXFRXV�IORZ��ZHUH�REVHUYHG

LQ�IRFDO�UHJLRQV�RI�WKH�QDVDO�FDYLW\���6WUXFWXUDO�DQG�ELRFKHPLFDO�FKDQJHV�LQFOXGHG�VRPH��EXW�QRW

PDQ\��KDOOPDUNV�RI�DLUZD\�GLVHDVH���7\SLFDO�2��LQGXFHG�FKDQJHV��H�J���EURQFKLRODUL]DWLRQ�

LQFUHDVHG�LQWHUVWLWLDO�PDWUL[��REVHUYHG�LQ�WKH�WUDFKHREURQFKLDO�UHJLRQ�DQG

LQ�WKH�&$5�ZHUH�FKDUDFWHULVWLF�RI�FHQWULDFLQDU�ILEURVLV��KRZHYHU��GLIIXVH�SXOPRQDU\�ILEURVLV

ZDV�QRW�REVHUYHG�

7UHQGV�IRU�FHQWULDFLQDU�ILEURVLV��DLUZD\�GLVHDVH��DQG�FKURQLF�UKLQLWLV�ZHUH�H[DPLQHG�E\

&DWDODQR�HW�DO�������D��IRU���������DQG���HQGSRLQWV��UHVSHFWLYHO\��IURP�WKH�LQGLYLGXDO�173

�������VWXGLHV���$�VWDWLVWLFDOO\�VLJQLILFDQW�WUHQG�ZDV�QRWHG�IRU�WKH�DVVRFLDWLRQ�EHWZHHQ�FKURQLF

UKLQLWLV�DQG�LQFUHDVLQJ�2��FRQFHQWUDWLRQ���7KH�GLIIHUHQFHV�EHWZHHQ�FRQWURO�DQG�H[SRVHG�UDWV
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ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW�DW������SSP�DQG������SSP�2����0DUJLQDOO\�VLJQLILFDQW�DQG

VLJQLILFDQW�WUHQGV�ZHUH�IRXQG�IRU�WKH�DVVRFLDWLRQ�EHWZHHQ�FHQWULDFLQDU�ILEURVLV�RU�DLUZD\�GLVHDVH

DQG�LQFUHDVLQJ�2��FRQFHQWUDWLRQ��KRZHYHU��QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�IRXQG

EHWZHHQ�FRQWURO�DQG�2��H[SRVHG�UDWV��&'��6HF�����������

6WXGLHV�RI�SURORQJHG�2��H[SRVXUHV�LQ�PRQNH\V�DQG�UDWV�UHYHDO�JHQHUDOO\�VLPLODU

PRUSKRORJLF�UHVSRQVHV��DOWKRXJK�LW�DSSHDUV�WKDW�WKH�PRQNH\�H[KLELWV�VRPHZKDW�PRUH�WLVVXH

LQMXU\�WKDQ�GRHV�WKH�UDW�XQGHU�URXJKO\�VLPLODU�H[SRVXUH�FRQGLWLRQV��&'��&KDSWHU�����

,QWHUVSHFLHV�FRPSDULVRQV�RI�GRVLPHWULF�GDWD�LQGLFDWH�WKDW�WKH�PRQNH\��ZLWK�LWV�VLPLODULW\�WR�WKH

KXPDQ�LQ�GLVWDO�DLUZD\�VWUXFWXUH��SURYLGHV�GDWD�WKDW�PD\�EHVW�UHIOHFW�WKH�SRWHQWLDO�HIIHFWV�RI�2�

LQ�KXPDQV�H[HUFLVLQJ�RXW�RI�GRRUV���$V�VXFK��PRQNH\V�H[SRVHG�WR�2��DW������SSP�IRU���K�HDFK

GD\�IRU���WR����GD\V�H[KLELW�VLJQLILFDQW�GLVWDO�DLUZD\�UHPRGHOLQJ���5DWV�VKRZ�VLPLODU�EXW�PRUH

PRGHVW�FKDQJHV�DW������SSP�2��DIWHU�H[SRVXUHV�RI�ORQJHU�GXUDWLRQ��XS�WR����PR�DQG�EH\RQG

�QHDU�OLIHWLPH����7KH�FKURQLF�GLVWDO�OXQJ�DQG�DLUZD\�DOWHUDWLRQV�DSSHDU�FRQVLVWHQW�ZLWK�LQFLSLHQW

SHULEURQFKLRODU�ILEURJHQHVLV�ZLWKLQ�WKH�LQWHUVWLWLXP���$WWHPSWV�WR�FRUUHODWH�IXQFWLRQDO�GHILFLWV

KDYH�EHHQ�YDULDEOH��SHUKDSV�GXH�LQ�SDUW�WR�WKH�GHJUHH�DQG�GLVWULEXWLRQ�RI�WKH��OHVLRQV��DQG�WKH

JHQHUDO�LQVHQVLWLYLW\�RI�PRVW�PHDVXUHV�RI�WKH�GLVWDO�OXQJ�IXQFWLRQ���7KH�LQWHUVWLWLDO�FKDQJHV�PD\

SURJUHVV��KRZHYHU���0RUHRYHU��RQH�UHFHQW�SULPDWH�VWXG\�UHYHDOHG�HYLGHQFH�WKDW�LQWHUPLWWHQW

FKDOOHQJH�ZLWK�D�SDWWHUQ�RI�2��H[SRVXUH�PRUH�UHIOHFWLYH�RI�VHDVRQDO�HSLVRGHV��ZLWK�H[WHQGHG

SHULRGV�RI�FOHDQ�DLU�LQ�EHWZHHQ�H[WHQGHG�SHULRGV�RI�2���DFWXDOO\�OHDGV�WR�JUHDWHU�LQMXU\���7KH

UHDVRQV�IRU�WKLV�DUH�XQFOHDU�EXW�PD\�UHODWH�WR�WKH�NQRZQ�ORVV�RI�WROHUDQFH�WKDW�RFFXUV�LQ�ERWK

KXPDQV�DQG�DQLPDO�WHVW�VSHFLHV�ZLWK�UHPRYDO�RI�WKH�R[LGDQW�EXUGHQ�

3UREDEO\�WKH�PRVW�SURYRFDWLYH��DOEHLW�SUHOLPLQDU\��HYLGHQFH�RI�SRVVLEOH�SROOXWDQW�HIIHFWV

LQ�WKH�SRSXODWLRQ�LV�RIIHUHG�E\�6KHUZLQ��������DQG�6KHUZLQ�DQG�5LFKWHUV����������7KH\

SHUIRUPHG�D�SDWKRORJLFDO�HYDOXDWLRQ�RI�WKH�OXQJV�IURP�����/RV�$QJHOHV�&RXQW\�UHVLGHQWV�����WR

���\HDUV�RI�DJH���ZKR�KDG�D�VXGGHQ�GHDWK�ZLWKRXW�GLVHDVH�RU�OXQJ�WUDXPD���6KHUZLQ�������

UHSRUWHG�WKDW�WKH�RGGV�UDWLR�IRU�VHYHUH�&$5�GLVHDVH��GHILQHG�DV�WKH�H[WHQVLRQ�RI�D�UHVSLUDWRU\

EURQFKLROLWLV�LQWR�WKH�SUR[LPDO�DFLQDU�VWUXFWXUHV��LQ�VXEMHFWV�OLYLQJ�LQ�PHWURSROLWDQ�/RV�$QJHOHV

YHUVXV�WKRVH�OLYLQJ�LQ�RWKHU�FLWLHV�LQ�/RV�$QJHOHV�&RXQW\�ZDV����������FRQILGHQFH�OLPLW������WR

��������8QIRUWXQDWHO\��QR�H[SRVXUH�GDWD�RU�OLIHWLPH�UHVLGHQFH�GDWD��QR�VPRNLQJ�KLVWRULHV��QR
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FRWLQLQH�UHVXOWV��QRU�RFFXSDWLRQDO�KLVWRULHV�ZHUH�DYDLODEOH����7KH�ODFN�RI�D�VPRNLQJ�KLVWRU\�RQ

VXEMHFWV�LV�RI�FULWLFDO�LPSRUWDQFH�EHFDXVH�UHVSLUDWRU\�EURQFKLRORWLV�KDV�EHHQ�VKRZQ�WR�EH�DQ

HDUO\�SDWKRORJLF�FKDQJH�IRXQG�LQ�WKH�SXOPRQDU\�DLUZD\V�RI�\RXQJ�VPRNHUV��&'��6HF�����������

�)XUWKHUPRUH��WKH�VXEMHFWV�ZHUH�PDLQO\�RI�ORZ�VRFLRHFRQRPLF�VWDWXV�DQG�RQO\����ZHUH�IHPDOH�

DQG�WKH�REVHUYDWLRQ�LV�OLPLWHG�E\�D�ODFN�RI�TXDQWLWDWLYH�PRUSKRPHWU\�RI�OXQJ�VSHFLPHQV�DQG�E\

WKH�ODFN�RI�D�FRQWURO�JURXS�IURP�DQ�DPELHQW�HQYLURQPHQW�ZLWK�ORZ�R[LGDQW�SROOXWLRQ����0DQ\�RI

WKHVH�OLPLWDWLRQV�VKRXOG�EH�DGGUHVVHG�LQ�UHVHDUFK�ZKLFK�LV�FXUUHQWO\�EHLQJ�SODQQHG�E\�WKH

86(3$�1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV�5HVHDUFK�/DERUDWRU\����7KHUHIRUH�

DOWKRXJK�WKH�6KHUZLQ��������REVHUYDWLRQ�LV�RI�JUHDW�LQWHUHVW��SDUWLFXODUO\�ZLWK�UHJDUG�WR�RWKHU

SULPDWH�GDWD�ZKLFK�VKRZ�2��DVVRFLDWHG�HIIHFWV�LQ�WKH�&$5��WKH�UHVXOWV�DUH�QRW�RI�SDUWLFXODU

YDOXH�LQ�GHWHUPLQLQJ�KXPDQ�H[SRVXUH�OHYHOV�IRU�2��ZKLFK�PLJKW�LQGXFH�FKURQLF�UHVSLUDWRU\

GLVHDVH��QRU�GR�WKH\�HVWDEOLVK�D�FDXVDO�UHODWLRQVKLS�EHWZHHQ�WKH�R[LGDQW�HQYLURQPHQW�IRXQG�LQ

PHWURSROLWDQ�/RV�$QJHOHV�DQG�WKH�SDWKRORJLF�HIIHFWV�REVHUYHG�E\�6KHUZLQ���������&'��6HF�

���������

,Q�VXPPDU\��WKH�FROOHFWLYH�GDWD�RQ�FKURQLF�H[SRVXUH�WR�2��JDUQHUHG�LQ�DQLPDO�H[SRVXUH

DQG�KXPDQ�SRSXODWLRQ�VWXGLHV�KDYH�PDQ\�DPELJXLWLHV���,W�LV�FOHDU�WKDW�WKH�GLVWULEXWLRQ�RI�WKH�2�

�OHVLRQV��LV�URXJKO\�VLPLODU�DFURVV�VSHFLHV��H�J���PRQNH\V��UDWV��PLFH����7KHVH�UHVSRQVHV�DUH

FRQFHQWUDWLRQ�GHSHQGHQW��DQG�SHUKDSV�WLPH�RU�H[SRVXUH�SDWWHUQ�GHSHQGHQW����8QGHU�FHUWDLQ

FRQGLWLRQV��VRPH�RI�WKHVH�VWUXFWXUDO�FKDQJHV�PD\�EHFRPH�LUUHYHUVLEOH���,W�LV�XQFOHDU�ZKHWKHU

DPELHQW�H[SRVXUH�VFHQDULRV�HQFRXQWHUHG�E\�KXPDQV�UHVXOW�LQ�VLPLODU��OHVLRQV����)XUWKHUPRUH��LW

LV�KLJKO\�XQFHUWDLQ�ZKHWKHU�WKHUH�DUH�UHVXOWDQW�IXQFWLRQDO�RU�LPSDLUHG�KHDOWK�RXWFRPHV�LQ

KXPDQV�FKURQLFDOO\�H[SRVHG�WR�2���SDUWLFXODUO\�EHFDXVH�WKH�KXPDQ�H[SRVXUH�VFHQDULR�LQYROYHV

PXFK�ORQJHU�WHUP�H[SRVXUHV�WKDQ�FDQ�EH�LQYHVWLJDWHG�LQ�WKH�ODERUDWRU\���7KH�HSLGHPLRORJ\

VWXGLHV�RI�OXQJ�IXQFWLRQ�FKDQJH�JHQHUDOO\�SDUDOOHO�WKRVH�RI�WKH�DQLPDO�VWXGLHV��EXW�WKH\�ODFN

JRRG�LQIRUPDWLRQ�RQ�LQGLYLGXDO�2��H[SRVXUH�DQG�DUH�IUHTXHQWO\�FRQIRXQGHG�E\�SHUVRQDO�RU

FRSROOXWDQW�YDULDEOHV��&'��6HF�����������,Q�VXPPDU\��WKH�DQLPDO�WR[LFRORJ\�GDWD�GLVFXVVHG

DERYH��DQG�LQ�WKH�&'��&KDSWHU�����SURYLGHV�D�ELRORJLFDOO\�SODXVLEOH�EDVLV�IRU�FRQVLGHULQJ�WKH

SRVVLELOLW\�WKDW�UHSHDWHG�LQIODPPDWLRQ�DVVRFLDWHG�ZLWK�H[SRVXUH�WR�2��RYHU�D�OLIHWLPH�PD\�UHVXOW

LQ�VXIILFLHQW�GDPDJH�WR�UHVSLUDWRU\�WLVVXH�VXFK�WKDW�LQGLYLGXDOV�ODWHU�LQ�OLIH�PD\�H[SHULHQFH�D
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UHGXFHG�TXDOLW\�RI�OLIH��DOWKRXJK�VXFK�UHODWLRQVKLSV�UHPDLQ�KLJKO\�XQFHUWDLQ�

�����*HQRWR[LFLW\�DQG�&DUFLQRJHQLFLW\

1XPHURXV�LQ�YLWUR�H[SRVXUH�VWXGLHV�VXJJHVW�WKDW�2��KDV�HLWKHU�ZHDN�RU�QR�SRWHQWLDO�WR

FDXVH�PXWDJHQLF��F\WRJHQHWLF��RU�FHOOXODU�WUDQVIRUPDWLRQ�HIIHFWV���0RVW�RI�WKHVH�H[SHULPHQWV

XWLOL]HG�KLJK�FRQFHQWUDWLRQV�RI�2���!����SSP����%HFDXVH�RI�WKH�H[SRVXUH�V\VWHPV�XVHG��WKHUH

DUH�XQNQRZQV�DERXW�XQFHUWDLQWLHV�UHJDUGLQJ�WKH�IRUPDWLRQ�RI�DUWLIDFWV�DQG�WKH�GRVH�RI�2���

7KHUHIRUH��WKHVH�VWXGLHV�DUH�QRW�YHU\�XVHIXO�LQ�KHDOWK�DVVHVVPHQW���&\WRJHQHWLF�HIIHFWV�KDYH

EHHQ�REVHUYHG�LQ�VRPH��EXW�QRW�DOO��ODERUDWRU\�DQLPDO�DQG�KXPDQ�VWXGLHV�RI�VKRUW�WHUP

2��H[SRVXUH���+RZHYHU��ZHOO�GHVLJQHG�KXPDQ�FOLQLFDO�F\WRJHQHWLF�VWXGLHV�ZHUH�QHJDWLYH�

8QWLO�UHFHQWO\��LQ�YLYR�H[SRVXUH�VWXGLHV�RI�FDUFLQRJHQLFLW\��ZLWK�DQG�ZLWKRXW

FR�H[SRVXUH�WR�NQRZQ�FDUFLQRJHQV��ZHUH�HLWKHU�QHJDWLYH�RU�DPELJXRXV���$�ZHOO�GHVLJQHG

FDQFHU�ELRDVVD\�VWXG\�KDV�UHFHQWO\�EHHQ�FRPSOHWHG�E\�WKH�1DWLRQDO�7R[LFRORJ\�3URJUDP��173�

������XVLQJ�PDOH�DQG�IHPDOH�)LVFKHU�����1�UDWV�DQG�%�&�)��PLFH���$QLPDOV�ZHUH�H[SRVHG�IRU

��\HDUV�WR������������DQG�����SSP�2�����K�GD\����GD\V�ZHHN����$�VLPLODU�OLIHWLPH�H[SRVXUH�ZDV

FRQGXFWHG��EXW������SSP�ZDV�QRW�XVHG���7KH�173��������HYDOXDWHG�WKH�ZHLJKW�RI�HYLGHQFH�IRU

WKLV�VWXG\��WKH\�IRXQG��QR�HYLGHQFH��RI�FDUFLQRJHQLFLW\�LQ�UDWV�EXW�UHSRUWHG��HTXLYRFDO

HYLGHQFH��RI�FDUFLQRJHQLFLW\�LQ�2��H[SRVHG�PDOH�PLFH�DQG��VRPH�HYLGHQFH��RI�FDUFLQRJHQLF

DFWLYLW\�LQ�RQH�VWUDLQ�RI�2��H[SRVHG�IHPDOH�PLFH���7KH�LQFUHDVHV�LQ�DGHQRPDV�DQG�FDUFLQRPDV

ZHUH�REVHUYHG�RQO\�LQ�WKH�OXQJV���7KHUH�ZDV�QR�FRQFHQWUDWLRQ�UHVSRQVH���,Q�WKH�PDOH�PLFH��WKH

LQFLGHQFH�RI�QHRSODVPV�LQ�WKH���\HDU�VWXG\�ZDV�QRW�HOHYDWHG�VLJQLILFDQWO\�E\�2��DQG�ZDV�ZLWKLQ

WKH�UDQJH�RI�KLVWRULFDO�FRQWUROV���$OVR��WKH�OLIHWLPH�H[SRVXUH�GLG�QRW�LQFUHDVH�VLJQLILFDQWO\�WKH

LQFLGHQFH�RI�QHRSODVPV��HYHQ�WKRXJK�WKH�LQFLGHQFH�RI�FDUFLQRPDV�ZDV�LQFUHDVHG���,Q�WKH�IHPDOH

PLFH��D���\HDU��EXW�QRW�OLIHWLPH��H[SRVXUH�WR�����SSP�2��RQO\�LQFUHDVHG�WKH�LQFLGHQFH�RI

DQLPDOV�ZLWK�QHRSODVPV���:KHQ�WKH�IHPDOH�PRXVH�GDWD�IURP�WKH�WZR�H[SRVXUH�UHJLPHQV��DW����

SSP��ZHUH�FRPELQHG��WKHUH�ZDV�D�VWDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVH��DOPRVW�GRXEOH��LQ

QHRSODVPV���,Q�D�FRPSDQLRQ�VWXG\��PDOH�UDWV�ZHUH�WUHDWHG�ZLWK�D�WREDFFR�FDUFLQRJHQ�DQG

H[SRVHG�IRU���\HDUV�WR�����SSP�2����2]RQH�GLG�QRW�DIIHFW�WKH�UHVSRQVH�DQG��WKHUHIRUH��KDG�QR

WXPRU�SURPRWLQJ�DFWLYLW\�

,Q�VXPPDU\��RQO\�ORQJ�WHUP�H[SRVXUH�WR�D�KLJK�FRQFHQWUDWLRQ�RI�2�������SSP��KDV�EHHQ



��

VKRZQ�WR�HYRNH�D�OLPLWHG�GHJUHH�RI�FDUFLQRJHQLF�DFWLYLW\�LQ�%�&�)��PLFH���5DWV�ZHUH

XQDIIHFWHG���)XUWKHUPRUH��WKHUH�ZDV�QR�FRQFHQWUDWLRQ�UHVSRQVH��DQG�WKHUH�LV�LQDGHTXDWH

LQIRUPDWLRQ�IURP�RWKHU�UHVHDUFK�WR�SURYLGH�PHFKDQLVWLF�VXSSRUW�IRU�WKH�ILQGLQJ�LQ�PLFH���)RU

WKHVH�UHDVRQV��WKH�VWDII�EHOLHYHV�LW�LV�LQDSSURSULDWH�WR�H[WUDSRODWH�WKHVH�PRXVH�GDWD�WR�KXPDQV�

'� )DFWRUV�0RGLI\LQJ�$FXWH�+XPDQ�5HVSRQVH�WR�2]RQH

7KHUH�DUH�VHYHUDO�IDFWRUV�ZKLFK�KDYH�EHHQ�LGHQWLILHG�DV�SRWHQWLDOO\�DIIHFWLQJ�KXPDQ

VXVFHSWLELOLW\�WR�2��H[SRVXUH�E\�DOWHULQJ�DFXWH�SK\VLRORJLFDO�VXVFHSWLELOLW\���7KH�PRUH

VLJQLILFDQW�RI�WKHVH�IDFWRUV�DUH�H[HUWLRQ��H�J���H[HUFLVH��PDQXDO�ODERU����SUHH[LVWLQJ�GLVHDVH�

DJH��JHQGHU��HWKQLFLW\�UDFH��VPRNLQJ�VWDWXV��HQYLURQPHQWDO�IDFWRUV���$OWKRXJK�PRVW�RI�WKHVH

IDFWRUV�KDYH�QRW�EHHQ�DGGUHVVHG�DGHTXDWHO\�LQ�FOLQLFDO�VWXGLHV�LQ�RUGHU�WR�GUDZ�GHILQLWLYH

FRQFOXVLRQV��SUHOLPLQDU\�REVHUYDWLRQV�KDYH�EHHQ�PDGH�UHJDUGLQJ�HDFK�RI�WKHVH�SRWHQWLDO

PRGLILHUV�RI�UHVSRQVH���$�WKRURXJK�GLVFXVVLRQ�LV�SUHVHQWHG�LQ�6HFWLRQ�����RI�WKH�&'�

������([HUWLRQ�DQG�9HQWLODWLRQ

([HUWLRQ�UHVXOWLQJ�LQ�DQ�LQFUHDVHG�PLQXWH�YHQWLODWLRQ��9(��LV�D�IDFWRU�ZKLFK�LQFUHDVHV�2�

VHQVLWLYLW\�RI�PRVW�KXPDQV�DW�DQ\�HOHYDWHG�2��FRQFHQWUDWLRQ���7KLV�LV�LQ�SDUW�GXH�WR�WKH�IDFW�WKDW

DW�KLJKHU�9(�WKHUH�LV�DQ�LQFUHDVH�LQ�2��GRVH�UHFHLYHG�E\�WKH�OXQJV���,W�LV�DOVR�GXH�WR�WKH�GHHSHU

SHQHWUDWLRQ�RI�2��LQWR�PRUH�SHULSKHUDO�UHJLRQV�RI�WKH�OXQJV��ZKLFK�DUH�PRUH�VHQVLWLYH�WR�DFXWH

2��UHVSRQVH�DQG�LQMXU\���7KLV�SURYLGHV�JHQHUDO�VXSSRUW�IRU�WKH�K\SRWKHVLV�WKDW�LQFUHDVLQJ�WKH

OHYHO�RI�H[HUWLRQ�IRU�PRVW�LQGLYLGXDOV�LQFUHDVHV�WKH�LPSDFW�RI�D�JLYHQ�FRQFHQWUDWLRQ�RI�2���

)XUWKHUPRUH��UHVHDUFK�KDV�VKRZQ�WKDW�UHVSLUDWRU\�HIIHFWV�DUH�REVHUYHG�DW�ORZHU�2�

FRQFHQWUDWLRQV�LI�WKH�OHYHO�RI�H[HUWLRQ�LV�LQFUHDVHG�DQG�RU�WKH�GXUDWLRQ�RI�H[HUWLRQ�LV�H[WHQGHG��

$Q�LQFUHDVHG�OHYHO�RI�H[HUWLRQ�FDQ�FDXVH�DQ�LQGLYLGXDO��ZKR�KDV�D�UHVSLUDWRU\�V\VWHP�ZKLFK�LV

KLJKO\�UHVSRQVLYH�WR�2���WR�H[SHULHQFH�OXQJ�IXQFWLRQ�LPSDLUPHQW�DQG�V\PSWRPV�VXIILFLHQW�WR

FXUWDLO�DFWLYLW\��HYHQ�WKRXJK�WKH�LQGLYLGXDO�LV�RWKHUZLVH�KHDOWK\�

5HSUHVHQWDWLYH�DFWLYLWLHV�DQG�DVVRFLDWHG�YHQWLODWLRQ�UDWHV�DUH�VXPPDUL]HG�LQ�7DEOH�9��

IRU�YDU\LQJ�OHYHOV�RI�H[HUWLRQ���:KLOH�WKH�WDEOH�LGHQWLILHV�RQO\�D�IHZ�RI�WKH�PDQ\�DFWLYLWLHV�LQ

ZKLFK�LQGLYLGXDOV�HQJDJH��LW�LV�LQWHQGHG�WR�SURYLGH�WKH�UHDGHU�D�VHQVH�RI�WKH�UHODWLRQVKLS

EHWZHHQ�OHYHO�RI�H[HUWLRQ��YHQWLODWLRQ�UDWH��DQG�W\SH�RI�DFWLYLW\�
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/HYHO�RI�([HUWLRQ 0LQXWH
9HQWLODWLRQ
/�PLQ

5HSUHVHQWDWLYH�$FWLYLWLHVE

/LJKW ����� /HYHO�ZDONLQJ�DW���PSK��ZDVKLQJ�FORWKHV

/LJKW ����� /HYHO�ZDONLQJ�DW���PSK��ERZOLQJ��VFUXEELQJ
IORRUV

0RGHUDWH ����� 'DQFLQJ��SXVKLQJ�ZKHHOEDUURZ�ZLWK����NJ
ORDG��VLPSOH�FRQVWUXFWLRQ��VWDFNLQJ�ILUHZRRG

0RGHUDWH ����� (DV\�F\FOLQJ��SXVKLQJ�ZKHHOEDUURZ�ZLWK����NJ
ORDG��XVLQJ�VOHGJHKDPPHU

0RGHUDWH ����� &OLPELQJ�VWDLUV��SOD\LQJ�WHQQLV��GLJJLQJ�ZLWK
VSDGH

+HDY\ ����� &\FOLQJ�DW����PSK��ZDONLQJ�RQ�VQRZ��GLJJLQJ
WUHQFKHV

+HDY\
9HU\�+HDY\
9HU\�+HDY\

�����
�����
�����

&URVV�FRXQWU\�VNLLQJ��URFN�FOLPELQJ��VWDLU
FOLPELQJ�ZLWK�ORDG��SOD\LQJ�VTXDVK�DQG
KDQGEDOO��FKRSSLQJ�ZLWK�D[H

9HU\�+HDY\ ������ /HYHO�UXQQLQJ�DW����PSK��FRPSHWLWLYH�F\FOLQJ

6HYHUH ������� &RPSHWLWLYH�ORQJ�GLVWDQFH�UXQQLQJ��FURVV�
FRXQWU\�VNLLQJ

D6HH�WH[W�RI�&ULWHULD�'RFXPHQW��8�6��(3$��������SS��������WR��������IRU�GLVFXVVLRQ�
E$GDSWHG�IURP�$VWUDQG�DQG�5RGDKO��������
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������3UHH[LVWLQJ�'LVHDVH

&RQWUROOHG�VWXGLHV�RQ�PLOG�DVWKPDWLFV�VXJJHVW�WKDW�WKH\�KDYH�VLPLODU�OXQJ�YROXPH

UHVSRQVHV�EXW�JUHDWHU�DLUZD\�UHVLVWDQFH�FKDQJHV�WR�2��WKDQ�QRQDVWKPDWLFV���)XUWKHUPRUH�

OLPLWHG�GDWD�IURP�VWXGLHV�RI�PRGHUDWH�DVWKPDWLFV�VXJJHVW�WKDW�WKLV�JURXS�PD\�KDYH�JUHDWHU�OXQJ

YROXPH�UHVSRQVHV�WKDQ�QRQDVWKPDWLFV���'DLO\�OLIH�VWXGLHV�UHSRUWLQJ�DQ�H[DFHUEDWLRQ�RI�DVWKPD

DQG�GHFUHDVH�LQ�SHDN�H[SLUDWRU\�IORZ�UDWHV��SDUWLFXODUO\�LQ�DVWKPDWLF�FKLOGUHQ��DSSHDU�WR

VXSSRUW�WKH�FRQWUROOHG�VWXGLHV��KRZHYHU��WKRVH�VWXGLHV�DUH�FRQIRXQGHG�E\�WHPSHUDWXUH��SDUWLFOH

RU�DHURDOOHUJHQ�H[SRVXUH��DQG�DVWKPD�VHYHULW\�RI�WKH�VXEMHFWV�RU�WKHLU�PHGLFDWLRQ�XVH���,Q

DGGLWLRQ��ILHOG�VWXGLHV�RI�VXPPHUWLPH�GDLO\�KRVSLWDO�DGPLVVLRQV�IRU�UHVSLUDWRU\�FDXVHV�VKRZ�D

FRQVLVWHQW�UHODWLRQVKLS�EHWZHHQ�KRVSLWDO�DGPLVVLRQV�IRU�DVWKPDWLFV�DQG�DPELHQW�OHYHOV�RI�2��LQ

YDULRXV�ORFDWLRQV�LQ�WKH�1RUWKHDVWHUQ�8QLWHG�6WDWHV��HYHQ�DIWHU�FRQWUROOLQJ�IRU�LQGHSHQGHQW

FRQWULEXWLQJ�IDFWRUV����

2WKHU�SRSXODWLRQ�JURXSV�ZLWK�SUHH[LVWLQJ�OLPLWDWLRQV�LQ�SXOPRQDU\�IXQFWLRQ�DQG�H[HUFLVH

FDSDFLW\��H�J���FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��LVFKHPLF�KHDUW�GLVHDVH��ZRXOG�EH�RI

SULPDU\�FRQFHUQ�LQ�HYDOXDWLQJ�WKH�KHDOWK�HIIHFWV�RI�2����8QIRUWXQDWHO\��QRW�HQRXJK�LV�NQRZQ

DERXW�WKH�UHVSRQVHV�RI�WKHVH�LQGLYLGXDOV�WR�PDNH�GHILQLWLYH�FRQFOXVLRQV�UHJDUGLQJ�WKHLU�UHODWLYH

VHQVLWLYLW\�WR�2����,QGHHG��IXQFWLRQDO�HIIHFWV�LQ�WKHVH�LQGLYLGXDOV�ZLWK�UHGXFHG�OXQJ�IXQFWLRQ

PD\�KDYH�JUHDWHU�FOLQLFDO�VLJQLILFDQFH�WKDQ�FRPSDUDEOH�FKDQJHV�LQ�KHDOWK\�SHUVRQV�

������$JH��*HQGHU��(WKQLF��DQG�7REDFFR�6PRNH�)DFWRUV

$JH�)DFWRUV���$JH�GLIIHUHQFHV�DV�D�IDFWRU�LQIOXHQFLQJ�UHVSRQVH�WR�2��DUH�QRW�\HW�IXOO\

XQGHUVWRRG���7KLV�LV�LQ�SDUW�GXH�WR�WKH�IDFW�WKDW�PRVW�RI�WKH�2��FRQWUROOHG�H[SRVXUH�VWXGLHV�KDYH

EHHQ�FRQGXFWHG�ZLWK�\RXQJ�DGXOWV�UDWKHU�WKDQ�ZLWK�FKLOGUHQ�RU�ROGHU�VXEMHFWV���+RZHYHU��WKHUH

LV�D�JURZLQJ�ERG\�RI�HYLGHQFH��LQFOXGLQJ�FOLQLFDO��ILHOG��DQG�HSLGHPLRORJ\�VWXGLHV��ZKLFK

VXJJHVWV�WKDW�DJH�SOD\V�D�UROH�LQ�GHWHUPLQLQJ�VHQVLWLYLW\�WR�2����%DVHG�RQ�WKH�DYDLODEOH�GDWD��LW

DSSHDUV�WKDW�FKLOGUHQ�UHVSRQG�WR�ORZ�OHYHO�2��H[SRVXUHV�LQ�D�PDQQHU�FRPSDUDEOH�WR�WKDW�RI

\RXQJ�DGXOWV��DOEHLW�ZLWKRXW�V\PSWRPV��ZKLOH�ROGHU�SHUVRQV�H[KLELW�D�GHFUHDVHG�VHQVLWLYLW\

UHODWLYH�WR�\RXQJ�DGXOWV��&'��6HF���������7KH�ODFN�RI�V\PSWRPV�LQ�FKLOGUHQ�DQG�UHGXFHG

VHQVLWLYLW\�LQ�WKH�HOGHUO\�FRXOG�OHDG�WR�DQ�LQFUHDVHG�ULVN�RI�DQ�LQGLYLGXDO�UHFHLYLQJ�D�KLJKHU�2�

GRVH���7KLV�LQFUHDVHG�ULVN�RI�2��H[SRVXUH�DQG�GRVH�LV�D�GLUHFW�UHVXOW�RI�FKLOGUHQ�DQG�WKH�HOGHUO\
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QRW�WDNLQJ�PLWLJDWLQJ�EHKDYLRU�WR�DYRLG�H[SRVXUH�EHFDXVH�WKH\�GR�QRW�H[SHULHQFH�UHVSLUDWRU\

V\PSWRPV��KRZHYHU��WKLV�K\SRWKHVLV�KDV�QRW�EHHQ�WHVWHG�DQG�KDV�QRW�EHHQ�GHPRQVWUDWHG�DW�WKLV

WLPH�

*HQGHU�)DFWRUV���'XULQJ�WKH�SUHYLRXV�UHYLHZ�RI�2��1$$46��VR�IHZ�KXPDQ�RU�DQLPDO

VWXGLHV�KDG�EHHQ�FRQGXFWHG�XVLQJ�DQ\�IHPDOH�VXEMHFWV�LQ�FRQWUROOHG�H[SRVXUH�VWXGLHV�RI�2��WKDW

IHZ�VXEVWDQWLYH�FRQFOXVLRQV�FRXOG�EH�GUDZQ�UHJDUGLQJ�JHQGHU�GLIIHUHQFHV���$OWKRXJK�WKHUH�DUH

PRUH�GDWD�RQ�IHPDOH�VXEMHFWV�WKDQ�ZDV�WKH�FDVH�SUHYLRXVO\��WKHVH�QHZ�GDWD�KDYH�QRW�\HW

SURYLGHG�FRQFOXVLYH�HYLGHQFH�WKDW�PHQ�DQG�ZRPHQ�UHVSRQG�GLIIHUHQWO\�WR�2����7KXV��WKH

TXHVWLRQ�DV�WR�ZKHWKHU�WKHUH�LV�D�GLIIHUHQFH�EHWZHHQ�PDOHV�DQG�IHPDOHV�LQ�UHVSLUDWRU\

VXVFHSWLELOLW\�WR�2��UHPDLQV�XQUHVROYHG���)XUWKHUPRUH��LW�FDQ�EH�VWDWHG�WKDW�LI�JHQGHU

GLIIHUHQFHV�GR�H[LVW�IRU�UHVSLUDWRU\�VXVFHSWLELOLW\�WR�2���WKH\�DUH�QRW�EDVHG�RQ�KRUPRQDO

FKDQJHV��GLIIHUHQFHV�LQ�OXQJ�YROXPH��RU�UDWLR�RI�IRUFHG�YLWDO�FDSDFLW\��)9&��WR�9(��&'��6HF�

�����

(WKQLFLW\�)DFWRUV���,Q�VWXGLHV�WKXV�IDU�FRQGXFWHG��WKH�OXQJ�IXQFWLRQ�GHFUHPHQWV�LQ

$IULFDQ�$PHULFDQV�ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQWO\�JUHDWHU�WKDQ�LQ�RWKHU�JURXSV�DW�DOO

FRQFHQWUDWLRQV�WHVWHG���(YHQ�WKRXJK�WKHVH�UHVXOWV�FDQ�EH�FRQVLGHUHG�VXJJHVWLYH�RI�HWKQLF

GLIIHUHQFHV��IXUWKHU�UHVHDUFK��SDUWLFXODUO\�RQ�QRQ�ZKLWH�DVWKPDWLFV��PXVW�EH�FRQGXFWHG�EHIRUH

HWKQLFLW\�FDQ�EH�HVWDEOLVKHG�DV�D�FOHDU�IDFWRU�LQ�GHWHUPLQLQJ�SXOPRQDU\�UHVSRQVLYHQHVV�WR�2�

�&'��6HF�����������

7REDFFR�6PRNH���5HVXOWV�RI�VHYHUDO�HDUO\�VWXGLHV��ZKLFK�FRPSDUH�VHQVLWLYLW\�RI

LQGLYLGXDOV�YROXQWDULO\�H[SRVHG�WR�WREDFFR�VPRNH��L�H��VPRNHUV��YHUVXV�VHQVLWLYLW\�RI�WKRVH�ZKR

KDYH�QRW�EHHQ�H[SRVHG�WR�WREDFFR�VPRNH��VXJJHVW�WKDW�VPRNHUV�DUH�OHVV�UHVSRQVLYH�WR�2��WKDQ

QRQVPRNHUV���$OWKRXJK�GDWD�RQ�2��VXVFHSWLELOLW\�RI�ERWK�DFWLYH�DQG�SDVVLYH�VPRNHUV�UHPDLQV

OLPLWHG��UHFHQW�VWXGLHV�LQGLFDWH�WKDW�FHVVDWLRQ�RI�H[SRVXUH�WR�WREDFFR�VPRNH�OHDGV�WR�LPSURYHG

EDVHOLQH�SXOPRQDU\�IXQFWLRQ�DQG�SRVVLEO\�D�UHWXUQ�WR�2��VXVFHSWLELOLW\��&'��6HF�����������

������,QWHUDFWLRQV�ZLWK�2WKHU�3ROOXWDQWV

,Q�JHQHUDO��FRQWUROOHG�KXPDQ�VWXGLHV�RI�2��PL[HG�ZLWK�RWKHU�SROOXWDQWV�VKRZ�QR�PRUH

WKDQ�DQ�DGGLWLYH�UHVSRQVH�ZLWK�V\PSWRPV�RU�VSLURPHWU\�DV�DQ�HQGSRLQW���7KLV�DSSOLHV�WR�2��LQ

FRPELQDWLRQ�ZLWK�QLWURJHQ�GLR[LGH��12����62���VXOIXULF�DFLG��+�62����QLWULF�DFLG��+12����RU



��

FDUERQ�PRQR[LGH��&2����,QGHHG��DW�WKH�OHYHOV�RI�FRSROOXWDQWV�XVHG�LQ�KXPDQ�H[SRVXUH�VWXGLHV�

WKH�UHVSRQVHV�FDQ�EH�DWWULEXWHG�SULPDULO\�WR�2����,Q�RQH�VWXG\��H[SRVXUH�WR�2��LQFUHDVHG�DLUZD\

UHVSRQVLYHQHVV�WR�62��LQ�DVWKPDWLFV���6LPLODUO\��RWKHU�SROOXWDQWV��H�J���SDUWLFXODWH�PDWWHU��WKDW

PD\�LQFUHDVH�DLUZD\�UHVSRQVLYHQHVV�FRXOG�DXJPHQW�WKH�HIIHFW�RI�2��RQ�DLUZD\�UHVSRQVLYHQHVV�

7KH�UHODWLYHO\�ODUJH�QXPEHU�RI�DQLPDO�VWXGLHV�RI�2��LQ�PL[WXUH�ZLWK�12��DQG

+�62��VKRZV�WKDW�DGGLWLYLW\��V\QHUJLVP��DQG�DQWDJRQLVP�FDQ�UHVXOW��GHSHQGLQJ�RQ�WKH�H[SRVXUH

UHJLPHQ�DQG�WKH�HQGSRLQW�VWXGLHG���7KH�QXPHURXV�REVHUYDWLRQV�RI�V\QHUJLVP�DUH�RI�FRQFHUQ�

EXW�WKH�LQWHUSUHWDWLRQ�RI�PRVW�RI�WKHVH�VWXGLHV�UHODWLYH�WR�WKH�UHDO�ZRUOG�LV�FRQIRXQGHG�E\

XQUHDOLVWLF�H[SRVXUH�GHVLJQV���)RU�H[DPSOH��DPELHQW�FRQFHQWUDWLRQV�RI�2��RIWHQ�ZHUH�FRPELQHG

ZLWK�OHYHOV�RI�FRSROOXWDQWV�VXEVWDQWLDOO\�KLJKHU�WKDQ�DPELHQW��FUHDWLQJ�WKH�SRVVLELOLW\�WKDW

PHFKDQLVPV�RI�WR[LFLW\�XQOLNHO\�LQ�WKH�UHDO�ZRUOG�FRQWULEXWHG�WR�WKH�H[SHULPHQWDO�RXWFRPH��

1HYHUWKHOHVV��WKH�GDWD�VXSSRUW�D�K\SRWKHVLV�WKDW�FRH[SRVXUH�WR�SROOXWDQWV��HDFK�DW�LQQRFXRXV�RU

ORZ�HIIHFW�OHYHOV��PD\�UHVXOW�LQ�HIIHFWV�RI�VLJQLILFDQFH�

(� 6HQVLWLYH�3RSXODWLRQ�*URXSV

6HYHUDO�FKDUDFWHULVWLFV�ZKLFK�LQIOXHQFH�WKH�H[WHQW�WR�ZKLFK�DQ�LQGLYLGXDO�RU�SRSXODWLRQ

JURXS�PD\�VKRZ�LQFUHDVHG�VHQVLWLYLW\�WR�2��KDYH�EHHQ�GLVFXVVHG�LQ�WKH�&'��S����������7KHVH

LQGLYLGXDO�RU�JURXS�FKDUDFWHULVWLFV�DUH�EDVHG�RQ������ELRORJLFDO�UHVSRQVHV�WR�2�����

SK\VLRORJLFDO�VWDWXV�����DFWLYLW\�SDWWHUQV�����H[SRVXUH�KLVWRU\��DQG����SHUVRQDO�IDFWRUV�VXFK�DV

DJH��JHQGHU��VRFLDO��HWKQLF��FXOWXUDO��DQG�QXWULWLRQDO�VWDWXV�

������$FWLYH���([HUFLVLQJ���,QGLYLGXDOV

2QH�ODUJH�JURXS�RI�LQGLYLGXDOV�DW�ULVN�WR�2��H[SRVXUH�FRQVLVWV�RI�WKRVH�KHDOWK\�FKLOGUHQ�

DGROHVFHQWV��DQG�DGXOWV�ZKR�HQJDJH�LQ�RXWGRRU�DFWLYLWLHV�LQYROYLQJ�H[HUWLRQ��L�H����H[HUFLVLQJ�

LQGLYLGXDOV��GXULQJ�VXPPHU�GD\OLJKW�KRXUV���7KLV�FRQFOXVLRQ�LV�EDVHG�RQ�D�ODUJH�QXPEHU�RI

FRQWUROOHG�2��H[SRVXUH�KXPDQ�H[SHULPHQWDO�VWXGLHV��ZKLFK�KDYH�EHHQ�FRQGXFWHG�RQ�KHDOWK\�

QRQ�VPRNLQJ��H[HUFLVLQJ�DGXOWV�DQG�FKLOGUHQ��DJHV���WR�������7KHVH�VWXGLHV�DOVR�KDYH

GHPRQVWUDWHG�ZLGH�YDULDELOLW\�DPRQJ�VXEMHFWV�LQ�VHQVLWLYLW\�WR�2���DOWKRXJK�IDFWRUV�FRQWULEXWLQJ

WR�WKLV�YDULDELOLW\�DUH�QRW�ZHOO�XQGHUVWRRG�



��

������,QGLYLGXDOV�ZLWK�3UHH[LVWLQJ�5HVSLUDWRU\�'LVHDVH

7KHUH�LV�OLPLWHG�HYLGHQFH�IURP�KXPDQ�FRQWUROOHG�H[SRVXUH�VWXGLHV�WR�VXJJHVW�WKDW�PLOG

DVWKPDWLFV�KDYH�JUHDWHU�FKDQJHV�LQ�DLUZD\�UHVLVWDQFH�IROORZLQJ�2��H[SRVXUH�WKDQ�QRQDVWKPDWLFV

EXW�KDYH�VLPLODU�OXQJ�YROXPH�UHVSRQVHV��KRZHYHU��PRGHUDWH�DVWKPDWLFV�DSSHDU�WR�KDYH�JUHDWHU

OXQJ�YROXPH�UHVSRQVHV�WKDQ�QRQDVWKPDWLFV���6XSSRUW�IRU�FRQVLGHULQJ�DVWKPDWLFV�WR�EH�DW

LQFUHDVHG�ULVN�WR�2��H[SRVXUH�DOVR�FRPHV�IURP�VWXGLHV�RI�KRVSLWDO�DGPLVVLRQV�IRU�UHVSLUDWRU\

FDXVHV�ZKLFK�VKRZ�D�FRQVLVWHQW�UHODWLRQVKLS�EHWZHHQ�DVWKPD�DQG�DPELHQW�2��OHYHOV�LQ�WKH

QRUWKHDVWHUQ�8�6���HYHQ�DIWHU�FRQWUROOLQJ�IRU�LQGHSHQGHQW�FRQWULEXWLQJ�IDFWRUV���6WXGLHV�RI

DVWKPDWLF�FKLOGUHQ�ZKLFK�UHSRUW�H[DFHUEDWLRQ�RI�DVWKPD�DQG�GHFUHDVHG�SHDN�H[SLUDWRU\�IORZ

UDWHV�VHHP�WR�SURYLGH�VRPH�IXUWKHU�HYLGHQFH�RI�DVWKPDWLFV�EHLQJ�DW�ULVN��EXW�WKHVH�VWXGLHV�DUH

FRQIRXQGHG�E\�YDULDEOHV�VXFK�DV�WHPSHUDWXUH��SDUWLFOH�RU�DHUR�DOOHUJHQ�H[SRVXUH��VHYHULW\�RI

DVWKPD��DQG�PHGLFDWLRQ�XVH��&'��6HF�������

$OWKRXJK�WKHUH�DUH�OLPLWHG�GDWD�RQ�LQGLYLGXDOV�ZLWK�SUHH[LVWLQJ�UHVSLUDWRU\�GLVHDVH�RU

RWKHU�OLPLWDWLRQV�RQ�WKHLU�SXOPRQDU\�IXQFWLRQ�DQG�H[HUFLVH�FDSDFLW\��H�J���WKRVH�ZLWK�FKURQLF

REVWUXFWLYH�SXOPRQDU\�GLVHDVH��LVFKHPLF�KHDUW�GLVHDVH���WKHUH�LV�LQVXIILFLHQW�LQIRUPDWLRQ�DW�WKLV

WLPH�WR�GUDZ�DQ\�FOHDU�FRQFOXVLRQV�DERXW�WKHLU�VXVFHSWLELOLW\�WR�2��UHODWLYH�WR�RWKHU�LQGLYLGXDOV�

�7KH�PDMRU�UHDVRQ�LQGLYLGXDOV�ZLWK�SUHH[LVWLQJ�UHVSLUDWRU\�GLVHDVH�PD\�EH�RI�FRQFHUQ�LV�WKH

OLNHOLKRRG�WKDW�GHFUHPHQWV�LQ�OXQJ�IXQFWLRQ�RU�H[HUFLVH�FDSDFLW\�PD\�KDYH�JUHDWHU�FOLQLFDO

LPSRUWDQFH�WR�WKH�LQGLYLGXDO�WKDQ�VLPLODU�FKDQJHV�LQ�KHDOWK\�SHUVRQV�

������2WKHU�3RSXODWLRQ�*URXSV

6HYHUDO�SRSXODWLRQ�JURXSV�LGHQWLILHG�LQ�WKH�&'��6HF�������DV�QRW�SURYLGLQJ�FRPSHOOLQJ

HYLGHQFH�WR�VXJJHVW�WKDW�WKH\�DUH�PRUH�UHVSRQVLYH�WKDQ�WKH�QRUPDO��KHDOWK\�SRSXODWLRQ�LQFOXGH�

�WKH�\RXQJ�DQG�HOGHUO\��PDOHV�DQG�IHPDOHV��HWKQLF�DQG�UDFLDO�JURXSV��DQG�LQGLYLGXDOV�ZLWK

YLWDPLQ�(�GHILFLHQF\�RU�RWKHU�QXWULWLRQDO�GHILFLHQFLHV���7KXV��LQ�DGGLWLRQ�WR�WKH�PRUH

VSHFXODWLYH�DW�ULVN�VWDWXV�RI�WKRVH�LQGLYLGXDOV�ZLWK�UHVSLUDWRU\�GLVHDVH�RU�SXOPRQDU\�GHILFLHQF\�

WKH�&'��6HF�������LGHQWLILHV�RQO\��H[HUFLVLQJ��RU�DFWLYH�KHDOWK\�DQG�DVWKPDWLF�LQGLYLGXDOV�

LQFOXGLQJ�FKLOGUHQ��DGROHVFHQWV��DQG�DGXOWV�DV�KDYLQJ�GHPRQVWUDWHG�VXVFHSWLELOLW\�WR�2��



��

)� $GYHUVH�5HVSLUDWRU\�(IIHFWV�RI�2]RQH�([SRVXUHV

$V�GLVFXVVHG�LQ�&KDSWHU�,,�RI�WKLV�6WDII�3DSHU��VHWWLQJ�D�SULPDU\�2��1$$46�LQYROYHV

DVVHVVLQJ�SURWHFWLRQ�RI�SXEOLF�KHDOWK�EDVHG�RQ�FRQVLGHUDWLRQ�RI�VHQVLWLYH�SRSXODWLRQV�DW�ULVN�

LQFOXGLQJ�IDFWRUV�VXFK�DV�WKH�QDWXUH��VHYHULW\��DQG�IUHTXHQF\�RI�2��LQGXFHG�KHDOWK�HIIHFWV

LQYROYHG���7KLV�VHFWLRQ�IRFXVHV�RQ�WKH�QDWXUH��VHYHULW\��DQG�IUHTXHQF\�RI�VSHFLILF�2��LQGXFHG

KHDOWK�HIIHFWV�LQ�RUGHU�WR�SURYLGH�D�EDVLV�IRU�MXGJPHQWV�UHJDUGLQJ�SK\VLRORJLFDO�FKDQJHV�WKDW

EHFRPH�VXIILFLHQWO\�VHYHUH�WR�DGYHUVHO\�DIIHFW�WKH�KHDOWK�VWDWXV�RI�WKRVH�LQGLYLGXDOV

H[SHULHQFLQJ�VXFK�HIIHFWV���,Q�FRQVLGHULQJ�SRSXODWLRQV�DW�ULVN��VWDII�UHFRJQL]HV�WKDW�WKHUH�LV

ZLGH�YDULDELOLW\�LQ�WKH�VHYHULW\�RI�UHVSRQVH�WR�2��DPRQJ�ERWK�KHDOWK\�LQGLYLGXDOV�DQG�WKRVH�ZLWK

LPSDLUHG�UHVSLUDWRU\�V\VWHPV���,QGLYLGXDO�VHQVLWLYLW\�RI�KHDOWK\�SHUVRQV�WR�2��DQG�WKH�H[WHQW�WR

ZKLFK�LPSDLUHG�UHVSLUDWRU\�V\VWHPV�DPSOLI\�WKH�LPSDFW�RI�YDULRXV�HIIHFWV�LQ�LQGLYLGXDOV�ZLWK

DVWKPD�DQG�FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��&23'��VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�LQ

PDNLQJ�MXGJPHQWV�DERXW�WKH�DGYHUVLW\�RI�2��HIIHFWV���7KHVH�MXGJPHQWV�DERXW�LQGLYLGXDO�DGYHUVH

HIIHFWV�DUH�SXW�LQWR�EURDGHU�FRQWH[W�LQ�WKH�IROORZLQJ�VHFWLRQV�RQ�H[SRVXUH�DQG�ULVN�DQDO\VLV��

7KLV�EURDGHU�FRQWH[W�LQFOXGHV�FRQVLGHUDWLRQ��WR�WKH�H[WHQW�SRVVLEOH��RI�VL]H�RI�WKH�VHQVLWLYH

SRSXODWLRQV�SRWHQWLDOO\�DW�ULVN�IRU�YDULRXV�HIIHFWV��DQG�WKH�NLQG�DQG�GHJUHH�RI�XQFHUWDLQWLHV

LQKHUHQW�LQ�DVVHVVLQJ�VXFK�ULVNV�LQ�RUGHU�WR�IRUP�MXGJPHQWV�DERXW�WKH�YDULRXV�OHYHOV�RI�ULVN�DQG

DGHTXDF\�RI�SXEOLF�KHDOWK�SURWHFWLRQ�DIIRUGHG�E\�DOWHUQDWLYH�1$$46�

,Q�WKLV�VHFWLRQ��VWDII�KDV�DWWHPSWHG�WR�LGHQWLI\�DQG�FKDUDFWHUL]H�WKH�FXUUHQW�XQGHUVWDQGLQJ

DV�ZHOO�DV�WKH�GLYHUJHQFH�RI�RSLQLRQ�ZLWKLQ�WKH�VFLHQWLILF�FRPPXQLW\�DV�WR�ZKDW�HIIHFWV�DQG

GHJUHHV�RI�UHVSRQVH�PLJKW�EH�UHJDUGHG�DV�DGYHUVH�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�H[SRVXUH�WR�2��

�7KLV�VHFWLRQ�SUHVHQWV�VWDII
V�YLHZV�RQ�WKLV�LVVXH��WDNLQJ�LQWR�DFFRXQW�LQIRUPDWLRQ�LQ�WKH�&'�

RSLQLRQV�WKDW�KDYH�EHHQ�H[SUHVVHG�E\�PHPEHUV�RI�WKH�&$6$&�2]RQH�5HYLHZ�3DQHO��3DQHO��DW

LWV�PHHWLQJV�DQG�LQ�ZULWWHQ�FRPPHQWV��DQG�RSLQLRQV�RI�RWKHU�KHDOWK�DQG�PHGLFDO�UHVSLUDWRU\

H[SHUWV�SURYLGHG�GXULQJ�WKH�FXUUHQW�DQG�SUHYLRXV�2��1$$46�UHYLHZV�

,Q�������WKH�$PHULFDQ�7KRUDFLF�6RFLHW\��$76��SXEOLVKHG�JHQHUDO�JXLGHOLQHV�GHVFULELQJ

ZKDW�FRQVWLWXWHV�DQ�DGYHUVH�UHVSLUDWRU\�KHDOWK�HIIHFW���:KLOH�UHFRJQL]LQJ�WKDW�SHUFHSWLRQV�RI



��

�PHGLFDO�VLJQLILFDQFH��DQG��QRUPDO�DFWLYLW\��PD\�GLIIHU�DPRQJ�SK\VLFLDQV��OXQJ�SK\VLRORJLVWV�

DQG�H[SHULPHQWDO�VXEMHFWV��WKH�$76��������GHILQHG�DGYHUVH�UHVSLUDWRU\�KHDOWK�HIIHFWV�DV

�PHGLFDOO\�VLJQLILFDQW�SK\VLRORJLF�RU�SDWKRORJLF�FKDQJHV�JHQHUDOO\�HYLGHQFHG�E\�RQH�RU�PRUH

RI�WKH�IROORZLQJ�������LQWHUIHUHQFH�ZLWK�WKH�QRUPDO�DFWLYLW\�RI�WKH�DIIHFWHG�SHUVRQ�RU�SHUVRQV�

����HSLVRGLF�UHVSLUDWRU\�LOOQHVV������LQFDSDFLWDWLQJ�LOOQHVV������SHUPDQHQW�UHVSLUDWRU\�LQMXU\�

DQG�RU�����SURJUHVVLYH�UHVSLUDWRU\�G\VIXQFWLRQ����6WDII�EHOLHYHV�WKLV�GHILQLWLRQ�SURYLGHV�D

UHDVRQDEOH�IUDPHZRUN�IRU�SUHVHQW�SXUSRVHV���$V�GLVFXVVHG�DERYH�LQ�VHFWLRQ�9�&���KXPDQ

KHDOWK�HIIHFWV�IRU�ZKLFK�FOHDU��FDXVDO�UHODWLRQVKLSV�ZLWK�H[SRVXUH�WR�2��KDYH�EHHQ�GHPRQVWUDWHG

IDOO�LQWR�WKH�ILUVW�FDWHJRU\�OLVWHG�LQ�WKH�$76�GHILQLWLRQ���+XPDQ�KHDOWK�HIIHFWV�IRU�ZKLFK

VWDWLVWLFDOO\�VLJQLILFDQW�DVVRFLDWLRQV�KDYH�EHHQ�UHSRUWHG�LQ�HSLGHPLRORJ\�VWXGLHV�IDOO�LQWR�WKH

VHFRQG�DQG�WKLUG�FDWHJRULHV���7KHVH�HIIHFWV�LQFOXGH�UHVSLUDWRU\�LOOQHVV�WKDW�PD\�UHTXLUH

PHGLFDWLRQ��H�J���DVWKPD���EXW�QRW�QHFHVVDULO\�KRVSLWDOL]DWLRQ��DV�ZHOO�DV�HPHUJHQF\�URRP�YLVLWV

DQG�KRVSLWDO�DGPLVVLRQV�IRU�DFXWH�RFFXUUHQFHV�RI�UHVSLUDWRU\�PRUELGLW\���+XPDQ�KHDOWK�HIIHFWV

IRU�ZKLFK�DVVRFLDWLRQV�KDYH�EHHQ�VXJJHVWHG�EXW�QRW�FRQFOXVLYHO\�GHPRQVWUDWHG�IDOO�SULPDULO\

LQWR�WKH�ODVW�WZR�FDWHJRULHV���7KRVH�KHDOWK�HQGSRLQWV�DUH�EDVHG�RQ�VWXGLHV�RI�HIIHFWV�LQ

ODERUDWRU\�DQLPDOV�DQG�WR�D�OHVVHU�H[WHQW�RQ�KXPDQ�HSLGHPLRORJLFDO�VWXGLHV�DQG�FDQ�EH

H[WUDSRODWHG�WR�KXPDQ�KHDOWK�HIIHFWV�RQO\�ZLWK�JUHDW�XQFHUWDLQW\�

�����3HUPDQHQW�5HVSLUDWRU\�,QMXU\�DQG�RU�3URJUHVVLYH�'\VIXQFWLRQ

$Q�LQFUHDVH�LQ�GDLO\�PRUWDOLW\�DVVRFLDWHG�ZLWK�2��H[SRVXUH�LV�XQTXHVWLRQDEO\�WKH�PRVW

DGYHUVH�KHDOWK�HIIHFW�IRU�ZKLFK�RQO\�OLPLWHG��VXJJHVWLYH�HYLGHQFH�H[LVWV���$V�GLVFXVVHG�LQ

VHFWLRQ�9�&���FDXVDO�UHODWLRQVKLSV�KDYH�EHHQ�UHSRUWHG�LQ�DQLPDO�LQIHFWLYLW\�VWXGLHV�RI�2���&RIILQ

HW�DO���������&RIILQ�DQG�*DUGQHU��������0LOOHU�HW�DO�����������+RZHYHU��RQO\�RQH�SXEOLVKHG

HSLGHPLRORJLFDO�VWXG\��.LQQH\�DQG�2]ND\QDN��������KDV�SURYLGHG�VWDWLVWLFDOO\�VLJQLILFDQW

HYLGHQFH�RI�DQ�DVVRFLDWLRQ�ZLWK�GDLO\�PRUWDOLW\�HYHQ�DW�WKH�YHU\�KLJK�OHYHOV�RI�2��IRXQG�LQ�/RV

$QJHOHV���,Q�WKDW�VWXG\��WKH�DXWKRUV�VWDWH�WKDW�DOWKRXJK�VWDWLVWLFDOO\�VLJQLILFDQW�DVVRFLDWLRQV�ZHUH

IRXQG�EHWZHHQ�GDLO\�PRUWDOLW\�DQG�HQYLURQPHQWDO�YDULDEOHV��RQH�FDQ�QRW�FRQFOXGH�ZLWK

FRPSOHWH�FRQILGHQFH�WKDW�VXFK�DVVRFLDWLRQV�DUH�FDXVDO���$OVR��RWKHU�SROOXWDQWV��H�J���SDUWLFXODWH

PDWWHU��KDYH�EHHQ�IRXQG�WR�EH�VLJQLILFDQW�FRQWULEXWRUV��WR�GDLO\�PRUWDOLW\��EXW�LW�LV�KDUG�WR

GHWHUPLQH�WKH�UHODWLYH�FRQWULEXWLRQV�RI�YDULRXV�SROOXWDQWV��8�6��(3$������E����1R�RWKHU�KXPDQ
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VWXGLHV�FLWHG�LQ�WKH�&'�KDYH�UHSRUWHG�VWDWLVWLFDOO\�VLJQLILFDQW�DVVRFLDWLRQV�EHWZHHQ�2��DQG

PRUWDOLW\�

2WKHU�DGYHUVH�HIIHFWV��VXFK�DV�VFDUULQJ�RI�OXQJ�WLVVXH��UHGXFHG�HODVWLFLW\�RI�WKH�OXQJV�

DQG�DFFHOHUDWHG�UHGXFWLRQV�LQ�OXQJ�IXQFWLRQ�KDYH�EHHQ�FOHDUO\�GHPRQVWUDWHG�RQO\�LQ�ODERUDWRU\

DQLPDO�VWXGLHV���7KHVH�HIIHFWV�PD\�EH�WKH�UHVXOW�RI�UHSHDWHG�SXOPRQDU\�LQIODPPDWLRQ��

$OWKRXJK�DQ\�DVVRFLDWLRQ�EHWZHHQ�DPELHQW�2��H[SRVXUHV�DQG�SHUPDQHQW�VWUXFWXUDO�FKDQJH�LQ

WKH�OXQJ�WLVVXH�LQ�KXPDQV�UHPDLQV�ODUJHO\�K\SRWKHWLFDO�DW�WKLV�WLPH��LQGLFDWRUV�RI�DFXWH

SXOPRQDU\�LQIODPPDWLRQ�IROORZLQJ�VKRUW�WHUP�2��H[SRVXUHV�KDYH�EHHQ�UHSRUWHG�LQ�VHYHUDO

KXPDQ�H[SHULPHQWDO�VWXGLHV���7KHUH�DSSHDUV�WR�EH�JHQHUDO�DJUHHPHQW�WKDW�D�VLQJOH�H[SRVXUH�WR

2��WKDW�LQGXFHV�DQ�LQIODPPDWRU\�UHVSRQVH�KDV�OLWWOH�RU�QR�KHDOWK�VLJQLILFDQFH��MXVW�DV�D�VLQJOH�

VKRUW�WHUP�H[SRVXUH�WR�WKH�VXQ��VXIILFLHQW�WR�UHVXOW�LQ�VXQEXUQ��ZRXOG�KDYH�OLWWOH�KHDOWK

VLJQLILFDQFH�IRU�PRVW�LQGLYLGXDOV���+RZHYHU��LW�LV�ZHOO�GRFXPHQWHG�WKDW�ORQJ�WHUP��UHSHDWHG

H[SRVXUHV�WR�WKH�VXQ�FDQ�GDPDJH�WKH�VNLQ�LUUHYHUVLEO\���$QDORJRXVO\��VRPH�KHDOWK�VFLHQWLVWV

KDYH�FDXWLRQHG�WKDW�LI�2��H[SRVXUHV�DUH�UHSHDWHG�RYHU�PDQ\�PRQWKV�RU�\HDUV��WKH�KLJKO\

LUULWDWLQJ�QDWXUH�RI�2��FRXOG�LQGXFH�FKURQLF�LQIODPPDWRU\�UHVSRQVHV�LQ�KXPDQV��ZKLFK�PD\

FXOPLQDWH�LQ�LUUHYHUVLEOH�OXQJ�WLVVXH�GDPDJH��

0RUSKRORJLFDO�DEQRUPDOLWLHV�LQ�WKH�FHQWULDFLQDU�UHJLRQ�RI�WKH�OXQJV��DOVR�UHIHUUHG�WR�DV

�OHVLRQV��E\�VRPH�UHVHDUFKHUV��DV�GLVFXVVHG�LQ�6HF��9�&���RI�WKLV�6WDII�3DSHU���DUH�DPRQJ�WKH

PRVW�LQYHVWLJDWHG�FKURQLF�2��HIIHFWV�LQ�ODERUDWRU\�DQLPDO�VWXGLHV���,I�WKHVH�UHSHDWHG�DFXWH

UHVSRQVHV�GR�LQ�IDFW�OHDG�WR�VLPLODU�FKURQLF�HIIHFWV�LQ�KXPDQV�DV�KDYH�EHHQ�REVHUYHG�LQ

ODERUDWRU\�DQLPDOV��LW�LV�SRVVLEOH�WKDW�VXFK�HIIHFWV�FRXOG�DFFHOHUDWH�WKH�ORVV�RI�OXQJ�IXQFWLRQ�DQG

WKH�DELOLW\�RI�HOGHUO\�LQGLYLGXDOV�WR�HQJDJH�LQ�DFWLYLWLHV�ZKLFK�UHTXLUH�H[HUWLRQ�ODWHU�LQ�OLIH��

7KLV�FRXOG�LPSDLU�WKHLU�TXDOLW\�RI�OLIH�DQG�FRXOG�VKRUWHQ�ORQJHYLW\�RI�DIIHFWHG�LQGLYLGXDOV���

6HYHUDO�HIIRUWV�KDYH�EHHQ�PDGH�WR�ILQG�DVVRFLDWLRQV�EHWZHHQ�ORQJ�WHUP�2��H[SRVXUH�DQG�FKURQLF

UHVSLUDWRU\�G\VIXQFWLRQ�DQG�GLVHDVH��'HWHOV�HW�DO���������$EEH\�HW�DO���������6FKZDUW]���������

7DNHQ�DV�D�ZKROH��WKHVH�VWXGLHV�VXJJHVW�WKDW�LW�LV�QRW�SRVVLEOH�WR�FRQFOXGH�LI�WKHUH�LV�DQ�HIIHFW�RI

2��RQ�WKH�KHDOWK�HIIHFWV�VWXGLHG��LQ�SDUW�GXH�WR�OLPLWDWLRQV�LQWURGXFHG�E\�ORVV�RI�VXEMHFWV�GXULQJ

WKH�VWXGLHV�DQG�E\�FRQIRXQGLQJ�YDULDEOHV�VXFK�DV�FRH[SRVXUH�WR�SDUWLFXODWH�PDWWHU���7KXV��WKH

DSSURSULDWH�FRQFOXVLRQ�WR�EH�GUDZQ�DW�WKLV�WLPH�LV�WKDW�DVVRFLDWLRQV�EHWZHHQ�2��H[SRVXUH�DQG



��

FKURQLF�KHDOWK�LPSDFWV�KDYH�QRW�EHHQ�VXIILFLHQWO\�GHPRQVWUDWHG�LQ�KXPDQV���6RPH�3DQHO

PHPEHUV�H[SUHVVHG�YLHZV�DW�WKH�0DUFK������DQG�6HSWHPEHU������&$6$&�PHHWLQJV��DQG�LQ

VXEVHTXHQW�ZULWWHQ�FRPPHQWV��WKDW�WKH�FKURQLF�KHDOWK�HIIHFWV�GLVFXVVHG�DERYH�SRVH�D

VXIILFLHQWO\�LPSRUWDQW�SXEOLF�KHDOWK�WKUHDW�DV�WR�ZDUUDQW�VHULRXV�FRQVLGHUDWLRQ�LQ�WKLV�UHYLHZ�RI

WKH�2��1$$46���2WKHU�3DQHO�PHPEHUV�H[SUHVVHG�WKH�RSLQLRQ�WKDW�VXFK�KHDOWK�RXWFRPHV�DUH�WRR

XQFHUWDLQ�WR�EH�FRQVLGHUHG�DW�WKLV�WLPH���,Q�FRQVLGHUDWLRQ�RI�WKH�SRWHQWLDO�VHULRXVQHVV�WR�SXEOLF

KHDOWK�RI�SRVVLEOH�FKURQLF�KHDOWK�HIIHFWV�RI�2���VWDII�DJUHHV�ZLWK�WKH�SRVLWLRQ�WDNHQ�LQ�WKH

&$6$&�FORVXUH�OHWWHU��:ROII������E��UHFRPPHQGLQJ�WKDW�UHVHDUFK�HIIRUWV�FRQWLQXH�RQ�WKH

FKURQLF�KHDOWK�HIIHFWV�RI�2��WR�UHGXFH�WKH�XQFHUWDLQWLHV�EHIRUH�WKH�QH[W�UHYLHZ�RI�WKH�2�

1$$46�

�����(SLVRGLF�DQG�,QFDSDFLWDWLQJ�,OOQHVV�LQ�3HUVRQV�ZLWK�,PSDLUHG�5HVSLUDWRU\�6\VWHPV

7KH�PRVW�VLJQLILFDQW�HSLVRGLF�KHDOWK�HIIHFWV�WKDW�KDYH�EHHQ�DVVRFLDWHG�ZLWK�VKRUW�WHUP

2��H[SRVXUHV�DUH�LQFUHDVHG�KRVSLWDO�DGPLVVLRQV�DQG�HPHUJHQF\�URRP�YLVLWV�GXH�WR�UHVSLUDWRU\

FDXVHV���+HDOWK�HIIHFWV�UHODWHG�WR�LQFUHDVHG�UHVSLUDWRU\�KRVSLWDO�DGPLVVLRQV�DQG�HPHUJHQF\

URRP�YLVLWV�LQFOXGH�UHVSLUDWRU\�LQIHFWLRQV��H�J���SQHXPRQLD���DVWKPD�DWWDFNV��DQG�H[DFHUEDWLRQ

RI�RWKHU�UHVSLUDWRU\�GLVHDVHV��H�J���&23'����7KHUH�H[LVWV�D�VXEVWDQWLDO��DQG�JURZLQJ��GDWD�EDVH

ZKLFK�VXJJHVWV�DQ�DVVRFLDWLRQ�EHWZHHQ�2��DQG�LQFUHDVHG�UHVSLUDWRU\�KRVSLWDO�DGPLVVLRQV�IRU

LQGLYLGXDOV�ZLWK�DVWKPD�DQG�RWKHU�LPSDLUHG�UHVSLUDWRU\�V\VWHPV���%\�DQDORJ\��ZKLOH�LW�LV

SODXVLEOH�WKDW�KHDOWK\�LQGLYLGXDOV��SDUWLFXODUO\�WKH�LQGLYLGXDOV�ZKR�KDYH�ORVW�D�VLJQLILFDQW

DPRXQW�RI�WKHLU�OXQJ�UHVHUYH�FDSDFLW\��FRXOG�EH�DGYHUVHO\�DIIHFWHG�DW�YHU\�KLJK�2��OHYHOV

VXIILFLHQW�WR�UHTXLUH�KRVSLWDOL]DWLRQ��WKHUH�LV�QR�HYLGHQFH�WR�VKRZ�WKLV�LV�RFFXUULQJ�ZLWK�DPELHQW

2���

� $OWKRXJK�OLWWOH�FRQWURYHUV\�H[LVWV�UHJDUGLQJ�WKH�DGYHUVLW\�WR�WKH�LQGLYLGXDO�IRU�UHVSRQVHV

WKDW�OHDG�WR�EHLQJ�DGPLWWHG�WR�WKH�KRVSLWDO�RU�WR�YLVLWLQJ�DQ�HPHUJHQF\�URRP��WKHUH�LV�VWLOO

GHEDWH�RYHU�WKH�H[WHQW�WR�ZKLFK�H[SRVXUH�WR�2��LV�GLUHFWO\�UHVSRQVLEOH�IRU�WKHVH�DGYHUVH

UHVSRQVHV�UHODWLYH�WR�RWKHU�HQYLURQPHQWDO�IDFWRUV��H�J���H[SRVXUH�WR�RWKHU�DLU�SROOXWDQWV��KHDW�

KXPLGLW\��DOOHUJHQV���ZKLFK�FRXOG�FRQIRXQG�WKH�DVVRFLDWLRQ�ZLWK�2����,Q�DVVHVVLQJ�WKH

VLJQLILFDQFH�RI�RWKHU�HIIHFWV�RI�VKRUW�WHUP�2��H[SRVXUHV�WKDW�KDYH�EHHQ�GHPRQVWUDWHG�LQ

FRQWUROOHG�KXPDQ�H[SRVXUH�VWXGLHV��H�J���GHFUHDVHG�OXQJ�IXQFWLRQ��UHVSLUDWRU\�V\PSWRPV���LW�LV
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LPSRUWDQW�WR�FRQVLGHU�WKH�PDJQLWXGH�RI�VXFK�LQGLYLGXDO�FKDQJHV�LQ�SHUVRQV�ZLWK�LPSDLUHG

UHVSLUDWRU\�V\VWHPV��H�J���DVWKPDWLFV��ZKR�DOUHDG\�KDYH�UHGXFHG�OXQJ�IXQFWLRQ���$�FRPSDUDEOH

FKDQJH�LQ�OXQJ�IXQFWLRQ�FRXOG�KDYH�JUHDWHU�LPSDFW�RQ�WKH�KHDOWK�VWDWXV��ZKHWKHU�LOOQHVV�RU

LQWHUIHUHQFH�ZLWK�QRUPDO�DFWLYLW\��RI�DQ�LQGLYLGXDO�ZLWK�D�SUHH[LVWLQJ�UHVSLUDWRU\�GLVHDVH��VXFK

DV�DVWKPD��FKURQLF�EURQFKLWLV��HPSK\VHPD��RU�VHULRXV�DOOHUJLHV��WKDQ�RQ�D�KHDOWK\�LQGLYLGXDO

ZLWK�QRUPDO�OXQJ�IXQFWLRQ�DQG�UHVHUYH�FDSDFLW\���$Q\�FKDQJH�LQ�OXQJ�IXQFWLRQ�WKDW�FDXVHV�WKHVH

LQGLYLGXDOV�ZLWK�LPSDLUHG�UHVSLUDWRU\�V\VWHPV�WR�GURS�EHORZ����WR����SHUFHQW�RI�SUHGLFWHG

YDOXHV�ZRXOG�EH�FRQVLGHUHG�FOLQLFDOO\�DGYHUVH���)RU�H[DPSOH��2��LQGXFHG�FKDQJHV�LQ�65DZ��D

PHDVXUH�RI�DLUZD\�QDUURZLQJ��DUH�VPDOO�DQG�RI�PLQLPDO�FOLQLFDO�VLJQLILFDQFH�LQ�QRQDVWKPDWLF

LQGLYLGXDOV���$VWKPDWLFV��KRZHYHU��RIWHQ�KDYH�EDVHOLQH�DLUZD\�QDUURZLQJ�DQG�H[SHULHQFH�ODUJHU

FKDQJHV�LQ�65DZ�RQ�H[SRVXUH�WR�2��WKDQ�GR�QRQDVWKPDWLFV���%HFDXVH�RI�WKHVH�EDVHOLQH

GLIIHUHQFHV��WKH�FOLQLFDO�VLJQLILFDQFH�RI�LQFUHDVHV�LQ�65DZ�GHSHQGV�ERWK�RQ�SHUFHQW�FKDQJH�IURP

EDVHOLQH�DQG�RQ�DEVROXWH�LQFUHDVHV�LQ�65DZ��&'��S��������

,QGLYLGXDOV�ZLWK�DVWKPD�UHSUHVHQW�D�SRSXODWLRQ�VXEJURXS�ZKLFK�KDV�EHHQ�H[DPLQHG

H[WHQVLYHO\�LQ�H[SHULPHQWDO�DQG�HSLGHPLRORJLFDO�VWXGLHV�RI�2����$VWKPDWLF�LQGLYLGXDOV�KDYH

EHHQ�IRXQG�WR�H[KLELW�2��LQGXFHG�DLUZD\�UHVSRQVHV�WKDW�DUH�VOLJKWO\�PRUH�SURQRXQFHG�WKDQ

WKRVH�IRXQG�LQ�QRQ�DVWKPDWLF�SHUVRQV���,W�LV�LPSRUWDQW�WR�XQGHUVWDQG�DVWKPD�DV�D�GLVHDVH�DQG

SODFH�WKH�HIIHFWV�UHSRUWHG�LQ�FRQWUROOHG�KXPDQ�H[SRVXUH�VWXGLHV�LQWR�SURSHU�FRQWH[W���7KLV

LQYROYHV�FDUHIXO�GHILQLWLRQ�RI�DVWKPD��FODVVLILFDWLRQ�RI�DVWKPD�E\�VHYHULW\�RI�GLVHDVH��GLVFXVVLRQ

RI�PHGLFDWLRQ�XVH��DQG�GHVFULSWLRQ�RI�WKH�QDWXUH�DQG�WLPH�FRXUVH�RI�UHVSRQVH���7KHVH

FRQVLGHUDWLRQV�RI�DVWKPD�KDYH�EHHQ�DGGUHVVHG�SUHYLRXVO\�E\�WKH�(3$�DQG�DUH�SUHVHQWHG�LQ�WKH

62��6WDII�3DSHU�$GGHQGXP��86(3$������D��SS���������DQG�&ULWHULD�'RFXPHQW�$GGHQGXP

�86(3$������E����7KH�GHILQLWLRQ�RI�DVWKPD�FRQWDLQHG�LQ�WKRVH�GRFXPHQWV�DQG�WDNHQ�IURP�WKH

([SHUW�3DQHO�5HSRUW�IURP�WKH�1DWLRQDO�$VWKPD�(GXFDWLRQ�3URJUDP�RI�WKH�1DWLRQDO�+HDUW�

/XQJ��DQG�%ORRG�,QVWLWXWH��1,+��������LV�

$VWKPD�LV�D�OXQJ�GLVHDVH�ZLWK�WKH�IROORZLQJ�FKDUDFWHULVWLFV�������DLUZD\�REVWUXFWLRQ�WKDW

LV�UHYHUVLEOH��EXW�QRW�FRPSOHWHO\�VR�LQ�VRPH�SDWLHQWV��HLWKHU�VSRQWDQHRXVO\�RU�ZLWK

WUHDWPHQW������DLUZD\�LQIODPPDWLRQ��DQG�����LQFUHDVHG�DLUZD\�UHVSRQVLYHQHVV�WR�D

YDULHW\�RI�VWLPXOL�
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� :RUNLQJ�ZLWK�VFLHQWLVWV�LQ�(3$
V�25'��VWDII�GHYHORSHG�7DEOHV�9��D��9��E��DQG�9��F

�7DEOH�����LQ�WKH�&'���ZKLFK�FDWHJRUL]H�DFXWH�UHVSLUDWRU\�UHVSRQVHV�WR�2��LQ�LQGLYLGXDOV�ZLWK

LPSDLUHG�UHVSLUDWRU\�V\VWHPV�DFFRUGLQJ�WR�W\SH�DQG�VHYHULW\�RI�UHVSRQVH���7KHVH�WDEOHV�DUH

EDVHG�RQ�D�VLPLODU�FDWHJRUL]DWLRQ�IRU�KHDOWK\�LQGLYLGXDOV�GHYHORSHG�E\�VWDII�DV�7DEOH�9,,��
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7DEOHV�9��D��9��E��DQG�9��F���*UDGDWLRQ�RI�,QGLYLGXDO�5HVSRQVHV�WR
6KRUW�7HUP�2]RQH�([SRVXUH�LQ�3HUVRQV�ZLWK�,PSDLUHG�5HVSLUDWRU\�6\VWHPVD

7DEOH�9��D
)XQFWLRQDO�5HVSRQVH 1RQH 6PDOO 0RGHUDWH /DUJH

)(9��FKDQJH 'HFUHPHQWV�RI
���

'HFUHPHQWV�RI����WR
≤���

'HFUHPHQWV�RI
!����EXW�����

'HFUHPHQWV�RI
≥���

1RQVSHFLILF
EURQFKLDO�UHVSRQVLYHQHVVE

:LWKLQ�QRUPDO
UDQJH

,QFUHDVHV�RI������ ,QFUHDVHV�RI
≤����

,QFUHDVHV�RI
!����

$LUZD\�UHVLVWDQFH
�65DZ�

:LWKLQ�QRUPDO
UDQJH��p����

65DZ�LQFUHDVHG
�����

65DZ�LQFUHDVHG�XS
WR������RU�XS�WR
��FP�+�2�V

65DZ�LQFUHDVHG
!�����RU�PRUH
WKDQ����FP�+�2�V

'XUDWLRQ�RI�UHVSRQVH 1RQH ���KU !��EXW�≤���KU !���KU

7DEOH�9��E

6\PSWRPDWLF�5HVSRQVH 1RUPDO 0LOG 0RGHUDWH 6HYHUH

:KHH]H 1RQH :LWK�RWKHUZLVH
QRUPDO�EUHDWKLQJ

:LWK�VKRUWQHVV�RI
EUHDWK

3HUVLVWHQW�ZLWK
VKRUWQHVV�RI
EUHDWK

&RXJK ,QIUHTXHQW
FRXJK

&RXJK�ZLWK�GHHS
EUHDWK��

)UHTXHQW
VSRQWDQHRXV�FRXJK

3HUVLVWHQW
XQFRQWUROODEOH
FRXJK

&KHVW�SDLQ 1RQH 'LVFRPIRUW�MXVW
QRWLFHDEOH�RQ
H[HUFLVH�RU�GHHS
EUHDWK

0DUNHG
GLVFRPIRUW�RQ
H[HUFLVH�RU�GHHS
EUHDWK

6HYHUH�GLVFRPIRUW
�RQ�H[HUFLVH�RU
GHHS�EUHDWK

'XUDWLRQ�RI�UHVSRQVH 1RQH ���KU !��EXW�≤���KU !���KU

7DEOH�9��F

,PSDFW�RI�9DULRXV
)XQFWLRQDO�DQG�RU
6\PSWRPDWLF�5HVSRQVHV

1RUPDO
)XQFWLRQDO
DQG�RU
6\PSWRPDWLF
5HVSRQVHV

6PDOO�)XQFWLRQDO
DQG�RU�0LOG
6\PSWRPDWLF
5HVSRQVHV

0RGHUDWH
)XQFWLRQDO�DQG�RU
6\PSWRPDWLF
5HVSRQVHV

/DUJH�)XQFWLRQDO
DQG�RU�6HYHUH
6\PSWRPDWLF
5HVSRQVHV

,QWHUIHUHQFH�ZLWK�QRUPDO
DFWLYLW\

1RQH )HZ�LQGLYLGXDOV
OLNHO\�WR�OLPLW�DFWLYLW\

0DQ\�LQGLYLGXDOV
OLNHO\�WR�OLPLW
DFWLYLW\

0RVW�LQGLYLGXDOV
OLNHO\�WR�OLPLW
DFWLYLW\

0HGLFDO�WUHDWPHQW�6HOI
0HGLFDWLRQ

1R�FKDQJH 1RUPDO�PHGLFDWLRQ
DV�QHHGHG

,QFUHDVHG
IUHTXHQF\�RU��
DGGLWLRQDO
PHGLFDWLRQ�XVH

,QFUHDVHG
OLNHOLKRRG�RI
SK\VLFLDQ�RU�(5
YLVLW

D6HH�WH[W�IRU�GLVFXVVLRQ��DEEUHYLDWLRQV�DQG�DFURQ\PV�
E$Q�LQFUHDVH�LQ�QRQVSHFLILF�EURQFKLDO�UHVSRQVLYHQHVV�RI������LV�HTXLYDOHQW�WR�D�����GHFUHDVH�LQ�3'���RU�3'���

�VHH�&KDSWHU����6HFWLRQ�������RI�WKH�&'�IRU�D�PRUH�FRPSOHWH�GLVFXVVLRQ��
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LQ�WKH�SUHYLRXV�2]RQH�6WDII�3DSHU��8�6��(3$��������SURGXFHG�GXULQJ�WKH�ODVW�2��1$$46

UHYLHZ�

,Q�DGGLWLRQ�WR�WKH�KHDOWK�VWDWXV�RI�WKH�LQGLYLGXDO��WKH�FOLQLFDO�VLJQLILFDQFH�RI�LQGLYLGXDO

UHVSRQVHV�WR�2��GHSHQGV�RQ�WKH�PDJQLWXGH�RI�FKDQJHV�LQ�SXOPRQDU\�IXQFWLRQ��WKH�VHYHULW\�RI

UHVSLUDWRU\�V\PSWRPV��DQG�WKH�GXUDWLRQ�RI�UHVSRQVH���7DEOHV�9��D�DQG�9��E�FDWHJRUL]H

LQGLYLGXDO�IXQFWLRQDO�DQG�V\PSWRPDWLF�UHVSRQVHV�WR�2��H[SRVXUH�DV�HLWKHU�QRUPDO��L�H���QRQH��RU

ZLWK�JUDGHG�OHYHOV�RI�LQFUHDVLQJ�VHYHULW\�LQ�LQGLYLGXDOV�ZLWK�LPSDLUHG�UHVSLUDWRU\�V\VWHPV�

VLPLODU�WR�7DEOHV�9��D�DQG�9��E�IRU�KHDOWK\�LQGLYLGXDOV�GLVFXVVHG�ODWHU�LQ�WKLV�VHFWLRQ��

3XOPRQDU\�IXQFWLRQ�UHVSRQVHV�DUH�UHSUHVHQWHG�LQ�WKHVH�WDEOHV�E\�FKDQJHV�LQ�VSLURPHWU\��H�J��

)(9����65DZ��DQG�QRQ�VSHFLILF�EURQFKLDO�UHVSRQVLYHQHVV���5HVSLUDWRU\�V\PSWRP�UHVSRQVHV

LQFOXGH�FRXJK��SDLQ�RQ�GHHS�LQVSLUDWLRQ��DQG�ZKHH]H���7KH�SUHGRPLQDQW�FKDQJHV�LQ�VSLURPHWU\

GLVFXVVHG�LQ�WKLV�6WDII�3DSHU�DUH�2��LQGXFHG�GHFUHPHQWV�LQ�)(9��EHFDXVH�WKH\�DUH�PRUH�HDVLO\

TXDQWLILHG��KDYH�D�FRQWLQXRXV�GLVWULEXWLRQ��DQG�KDYH�EHHQ�XVHG�WR�SURYLGH�PRVW�RI�WKH�H[SRVXUH�

UHVSRQVH�UHODWLRQVKLSV�GHVFULEHG�LQ�WKH�&'�DQG�LQ�WKH�H[SRVXUH�DQG�ULVN�DQDO\VHV���7KH

FRPELQHG�LPSDFWV�RI�ERWK�IXQFWLRQDO�DQG�V\PSWRPDWLF�UHVSRQVHV�DUH�SUHVHQWHG�IRU�LQGLYLGXDOV

ZLWK�LPSDLUHG�UHVSLUDWRU\�V\VWHPV�LQ�7DEOHV�9��F�DQG�IRU�KHDOWK\�LQGLYLGXDOV�LQ�7DEOHV�9��F�DV

LQWHUIHUHQFH�ZLWK�QRUPDO�DFWLYLW\�DQG�DV�FKDQJHV�LQ�PHGLFDO�WUHDWPHQW

DQG�RU�VHOI�PHGLFDWLRQ����6HH�7DEOHV�����DQG�����DQG�WKH�GLVFXVVLRQ�LQ�&'�VWDUWLQJ�RQ�S��������

,W�LV�VWDII
V�MXGJPHQW�WKDW�UHVSRQVHV�RI�LQGLYLGXDOV�ZLWK�LPSDLUHG�UHVSLUDWRU\�V\VWHPV�

FDWHJRUL]HG�LQ�7DEOH�9��D�DV��ODUJH��IRU�IXQFWLRQDO�UHVSRQVHV�RU�FDWHJRUL]HG�LQ�7DEOH�9��E�DV

�VHYHUH��IRU�V\PSWRPDWLF�UHVSRQVHV��ZRXOG�UHVXOW�LQ�WKH�SRWHQWLDO�IRU�HSLVRGLF�RU�LQFDSDFLWDWLQJ

LOOQHVV���7KRVH�UHVSRQVHV�ZRXOG�LQFOXGH�WKH�PRUH�TXDQWLILDEOH�UHVSRQVHV�VXFK�DV�D�VLJQLILFDQW

LQFUHDVH�LQ�QRQVSHFLILF�EURQFKLDO�UHVSRQVLYHQHVV��L�H���GRVH�LV������RI�EDVHOLQH���DQ�LQFUHDVH

LQ�QRQVSHFLILF�DLUZD\�UHVLVWDQFH��65DZ��RI�!�����RU�PRUH�WKDQ����FP�+�2�V��DQG�D�GHFUHDVH

LQ�)(9��RI�!�����IURP�EDVHOLQH���7KH�OHVV�TXDQWLILDEOH��EXW

SRWHQWLDOO\�LQFDSDFLWDWLQJ�HIIHFWV��WR�WKH�LQGLYLGXDO�ZLWK�LPSDLUHG�UHVSLUDWRU\�V\VWHPV�LQFOXGH

SHUVLVWHQW�ZKHH]H��XQFRQWUROODEOH�FRXJK��VHYHUH�GLVFRPIRUW�RQ�H[HUFLVH�RU�GHHS�EUHDWK��DQG

PXOWLSOH�EURQFKRGLODWRU�XVDJH�JLYLQJ�RQO\�SDUWLDO�UHOLHI���6LQFH�WKHVH��VHYHUH��V\PSWRPDWLF�DQG

�ODUJH��IXQFWLRQDO�UHVSRQVHV�IRU�LQGLYLGXDOV�ZLWK�LPSDLUHG�UHVSLUDWRU\�V\VWHPV�FRXOG�OLPLW



��

DFWLYLW\�DQG�LQFUHDVH�WKH�OLNHOLKRRG�RI�SK\VLFLDQ�RU�HPHUJHQF\�URRP��(5��YLVLWV�DV�ZHOO�DV

KRVSLWDO�DGPLVVLRQV�IRU�VRPH�DIIHFWHG�LQGLYLGXDOV��VWDII�UHFRPPHQGV�WKDW�WKH\�EH�FKDUDFWHUL]HG

DV�DGYHUVH���%HFDXVH��VPDOO��DQG��PRGHUDWH��IXQFWLRQDO�UHVSRQVH�DQG��PLOG��DQG��PRGHUDWH�

V\PSWRPDWLF�UHVSRQVHV�ZRXOG�QRW�EH�OLNHO\�WR�UHVXOW�LQ�LPSDFWV�FRPSDUDEOH�WR�HSLVRGLF�RU

LQFDSDFLWDWLQJ�LOOQHVV��WKH\�DUH�GLVFXVVHG�LQ�WKH�IROORZLQJ�VHFWLRQ�RQ�LQWHUIHUHQFH�ZLWK�QRUPDO

DFWLYLW\��

�����,QWHUIHUHQFH�ZLWK�1RUPDO�$FWLYLW\

)RU�ERWK�KHDOWK\�LQGLYLGXDOV�DQG�IRU�LQGLYLGXDOV�ZLWK�LPSDLUHG�UHVSLUDWRU\�V\VWHPV�

WKHUH�KDV�EHHQ�D�JUHDW�GHDO�RI�FRQWURYHUV\�UHJDUGLQJ�WKH�H[WHQW�WR�ZKLFK�RWKHU�DFXWH�UHVSRQVHV

WKDW�KDYH�EHHQ�DVVRFLDWHG�ZLWK�VKRUW�WHUP�DQG�SURORQJHG�2���H[SRVXUHV�VKRXOG�EH�FRQVLGHUHG

DGYHUVH���7KH�SUHYLRXV�VHFWLRQ�FRQWDLQV�D�GLVFXVVLRQ�RI�IXQFWLRQDO�HIIHFWV�FDWHJRUL]HG�DV��ODUJH�

DQG�V\PSWRPDWLF�HIIHFWV�DV��VHYHUH��IRU�LQGLYLGXDOV�ZLWK�LPSDLUHG�UHVSLUDWRU\�V\VWHPV���7KRVH

HIIHFWV�ZRXOG�EH�PRUH�OLNHO\�WR�OHDG�WR�HSLVRGLF�RU�LQFDSDFLWDWLQJ�LOOQHVV�LQ�DVWKPDWLF

LQGLYLGXDOV�DV�GLVFXVVHG�DERYH��ZKHUHDV�WKH��VPDOO��DQG��PRGHUDWH��IXQFWLRQDO�HIIHFWV�DQG

�PLOG��RU��PRGHUDWH��V\PSWRPDWLF�HIIHFWV�GLVFXVVHG�EHORZ�DUH�PRUH�OLNHO\�WR�EH�OLPLWHG�DW

PRVW�WR�LQWHUIHUHQFH�ZLWK�QRUPDO�DFWLYLW\�RI�HLWKHU�DVWKPDWLF�RU�KHDOWK\�LQGLYLGXDOV��

�0RGHUDWH��IXQFWLRQDO�DQG�RU�V\PSWRPDWLF�UHVSRQVHV�LQ�HLWKHU�KHDOWK\�RU�DVWKPDWLF�LQGLYLGXDOV

DUH�PRVW�SUREOHPDWLF�ZLWK�UHJDUG�WR�MXGJLQJ�DGYHUVLW\�EHFDXVH�WKH\�DUH�QRW�VHULRXV�HQRXJK�WR

EH�FOHDUO\�GHVFULEHG�DV�DGYHUVH�EXW�PD\�VWLOO�LQWHUIHUH�ZLWK�WKH�DELOLW\�RI�VRPH�LQGLYLGXDOV�WR

SHUIRUP�QRUPDO�DFWLYLW\�DQG��WKHUHIRUH��KDYH�WKH�SRWHQWLDO�IRU�DGYHUVLW\�LQ�VRPH�VHQVLWLYH

LQGLYLGXDOV�

$VWKPDWLF�,QGLYLGXDOV���7KH�UHVSRQVH�RI�DVWKPDWLF�LQGLYLGXDOV�WR�2��DQG�RWKHU�LUULWDQWV

FDQ�EH�KLJKO\�YDULDEOH�GHSHQGLQJ�RQ�WKH�VHYHULW\�RI�GLVHDVH�LQ�WKH�LQGLYLGXDO���$�QRUPDO�UDQJH

RI�FKDQJH�LQ�VSHFLILF�DLUZD\�UHVLVWDQFH��65DZ��LV�ZLWKLQ������ZLWK�OLWWOH�RU�QR�FKDQJH�LQ

QRQVSHFLILF�EURQFKLDO�UHVSRQVLYHQHVV���2]RQH�LQGXFHG�GHFUHPHQWV�LQ�)(9��RI������LQFUHDVHV

LQ�65DZ�DQG�QRQVSHFLILF�EURQFKLDO�UHVSRQVLYHQHVV�DSSURDFKLQJ�������ZKLFK�ODVW�OHVV�WKDQ���KU�

DUH�FDWHJRUL]HG�DV��VPDOO��LQ�7DEOH�9��D���(YHQ�LQ�FRQMXQFWLRQ�ZLWK�V\PSWRPDWLF�HIIHFWV

FDWHJRUL]HG�DV��PLOG���L�H���ZKHH]H�ZLWK�RWKHUZLVH�QRUPDO�EUHDWKLQJ��FRXJK�ZLWK�GHHS�EUHDWK�

DQG�GLVFRPIRUW�MXVW�QRWLFHDEOH�RQ�H[HUFLVH�RU�GHHS�EUHDWK��ODVWLQJ�OHVV�WKDQ���KU��VWDII�EHOLHYHV
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WKDW�WKHVH�HIIHFWV�VKRXOG�QRW�EH�FRQVLGHUHG�DGYHUVH�IRU�DVWKPDWLF�LQGLYLGXDOV���$OWKRXJK�D�IHZ

LQGLYLGXDOV�DUH�OLNHO\�WR�OLPLW�DFWLYLW\��WKHVH�UHVSRQVHV�DUH�QRW�OLNHO\�WR�VLJQLILFDQWO\�LQWHUIHUH

ZLWK�WKH�DELOLW\�RI�PRVW�DVWKPDWLFV�WR�FRQGXFW�QRUPDO�DFWLYLW\�RU�FKDQJH�QRUPDO�PHGLFDWLRQ

XVDJH�

2]RQH�LQGXFHG�GHFUHPHQWV�LQ�)(9��RI�!����EXW�������LQFUHDVHV�LQ�65DZ�RI�XS�WR

������DQG�LQFUHDVHV�LQ�QRQVSHFLILF�EURQFKLDO�UHVSRQVLYHQHVV�RI�XS�WR�������ZKLFK�ODVW�IRU�!�

KU�EXW�����KU��KDYH�EHHQ�FDWHJRUL]HG�IRU�DVWKPDWLF�LQGLYLGXDOV�DV��PRGHUDWH��IXQFWLRQDO

UHVSRQVHV�LQ�7DEOH�9��D���7KHVH�UHVSRQVHV�DUH�W\SLFDOO\�DFFRPSDQLHG�E\��PRGHUDWH�

V\PSWRPDWLF�UHVSRQVHV��LQFOXGLQJ�ZKHH]H�ZLWK�VKRUWQHVV�RI�EUHDWK��IUHTXHQW�VSRQWDQHRXV

FRXJK��DQG�PDUNHG�GLVFRPIRUW�RQ�H[HUFLVH�RU�GHHS�EUHDWK��ZKLFK�ODVW�IRU�!��KU�EXW�����KU�

%DVHG�RQ�GLVFXVVLRQV�ZLWK�PHGLFDO�H[SHUWV�ZKR�KDYH�ZRUNHG�ZLWK�DVWKPDWLFV��VWDII�FRQFOXGHG

WKDW�VLQJOH�2��H[SRVXUH�HYHQWV�ZKLFK�UHVXOW�LQ�WKHVH�UHVSRQVHV�DUH�QRW�OLNHO\�WR�LQWHUIHUH�ZLWK

WKH�QRUPDO�DFWLYLW\�RI�PDQ\�DVWKPDWLF�LQGLYLGXDOV�QRU�WR�UHVXOW�LQ�WKH�LQFUHDVHG�IUHTXHQF\�RI

PHGLFDWLRQ�XVH�RU�WKH�XVH�RI�DGGLWLRQDO�PHGLFDWLRQV���&RPSOHWH�UHFRYHU\�FRXOG�UHVXOW�IURP�D

VLQJOH�XVH�RI�D�EURQFKRGLODWRU���+RZHYHU��EHFDXVH�UHSHDWHG�H[SRVXUH�RI�DVWKPDWLFV�WR�2��RYHU

SHULRGV�RI�VHYHUDO�GD\V�FRXOG�UHVXOW�LQ�H[DFHUEDWLRQ�RI�WKH�XQGHUO\LQJ�LQIODPPDWLRQ�DQG�D

EXLOGXS�RI�PXFXV�LQ�WKH�UHVSLUDWRU\�V\VWHP��PHGLFDO�H[SHUWV�ZKR�ZHUH�FRQVXOWHG�H[SUHVVHG

FRQFHUQ�WKDW�WKH�VPDOO�DLUZD\V��LQFOXGLQJ�WKH�EURQFKLROHV�DQG�DOYHROL��PD\�EH�PRUH�DGYHUVHO\

DIIHFWHG�WKDQ�HIIHFWV�LQGXFHG�E\�D�VLQJOH��DFXWH�H[SRVXUH���6WDII�EHOLHYHV�WKDW�PXOWLSOH

H[SRVXUHV�WR�2��WKDW�LQGXFH�UHSHDWHG��PRGHUDWH��UHVSRQVHV�LQ�DVWKPDWLFV�FRXOG�UHVXOW�LQ

LQFUHDVHG�IUHTXHQF\�RU�DGGLWLRQDO�PHGLFDWLRQ�XVDJH��PXFXV�EXLOGXS��H[DFHUEDWLRQ�RI

LQIODPPDWLRQ��DQG�DQ�LQFUHDVHG�OLNHOLKRRG�RI�PDQ\�DVWKPDWLF�LQGLYLGXDOV�WR�OLPLW�QRUPDO

DFWLYLW\���7KHUHIRUH��VWDII�UHFRPPHQGV�WKDW��PRGHUDWH��IXQFWLRQDO�DQG�RU�V\PSWRPDWLF

UHVSRQVHV��ZKHQ�UHSHDWHG��VKRXOG�EH�FRQVLGHUHG�WR�EH�DGYHUVH�KHDOWK�HIIHFWV���7KHVH�KHDOWK

HQGSRLQWV�DUH�D�PDWWHU�RI�SXEOLF�KHDOWK�FRQFHUQ�LQ�OLJKW�RI�WKH�LQFUHDVLQJ�DVWKPD�PRUELGLW\�DQG

PRUWDOLW\�ZKLFK�KDV�EHHQ�RFFXUULQJ�LQ�WKH�8�6��GXULQJ�WKH�SDVW�GHFDGH�

+HDOWK\�,QGLYLGXDOV���'XULQJ�WKH�SUHYLRXV�2��1$$46�UHYLHZ��D�ZLGH�UDQJH�RI�RSLQLRQ

ZDV�H[SUHVVHG�UHJDUGLQJ�WKH�DGYHUVLW\�RI�OXQJ�IXQFWLRQ�GHFUHPHQWV��LQFUHDVHV�LQ�WKH�VHYHULW\�RI

UHVSLUDWRU\�V\PSWRPV�DQG�LQFUHDVHV�LQ�QRQVSHFLILF�EURQFKLDO�UHVSRQVLYHQHVV�LQ�KHDOWK\
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LQGLYLGXDOV���,Q�SDUWLFXODU��WKH�IRFXV�RI�GHEDWH�ZDV�RQ�WKH�GHJUHH�RI�UHVSRQVH�IRU�DFXWH

UHVSLUDWRU\�HIIHFWV�WKDW�VKRXOG�EH�FRQVLGHUHG�DGYHUVH�IRU�SXUSRVHV�RI�VHWWLQJ�1$$46���$�WDEOH

ZDV�SUHVHQWHG�LQ�WKH�SUHYLRXV�2��6WDII�3DSHU��7DEOH�9,,����S��9,,�����86(3$��������ZKLFK

FDWHJRUL]HG�WKHVH�DFXWH�UHVSLUDWRU\�UHVSRQVHV�RI�KHDOWK\�LQGLYLGXDOV�WR�2��DFFRUGLQJ�WR�W\SH�DQG

VHYHULW\�RI�UHVSRQVH���6HYHUDO�VSHFLILF�DVSHFWV�RI�VXFK�UHVSRQVHV�ZHUH�FKDUDFWHUL]HG�LQFOXGLQJ��

����WKH�PDJQLWXGH�RI�OXQJ�IXQFWLRQ�GHFUHPHQWV�RQ�D�WHVW�VSHFLILF�EDVLV��H�J���)(9��������WKH

SUHVHQFH�RI�UHVSLUDWRU\�V\PSWRPV��H�J���FRXJK��SDLQ�RQ�GHHS�LQVSLUDWLRQ��VKRUWQHVV�RI�EUHDWK��

����WKH�GXUDWLRQ�RI�LQGLYLGXDO�UHVSRQVH��DQG�����WKH�H[WHQW�WR�ZKLFK�DFWLYLW\�LV�FXUWDLOHG�GXH�WR

2��H[SRVXUHV�

$W�WKH�'HFHPEHU������&$6$&�PHHWLQJ��VRPH�PHPEHUV�RI�WKH�&$6$&�2]RQH�5HYLHZ

3DQHO�H[SUHVVHG�WKH�EHOLHI�WKDW�HLWKHU�OLPLWDWLRQ�RI�DFWLYLW\�RU�LQFUHDVHG�UHVSLUDWRU\�V\PSWRPV

FRXOG�EH�FRQVLGHUHG�WKH�SULPDU\�GHWHUPLQDQW�RI�DGYHUVLW\��ZKLOH�RWKHUV�EHOLHYHG�WKDW�WKH�PRUH

REMHFWLYH�VSLURPHWU\�PHDVXUHPHQWV�ZHUH�PRVW�DSSURSULDWH���6RPH�3DQHO�PHPEHUV�IHOW�WKDW

KHDOWK\�LQGLYLGXDOV�ZRXOG�H[SHULHQFH�DGYHUVH�HIIHFWV�ZKHQ�2��H[SRVXUH�LQGXFHG�DQ\�RI�WKH

UHVSRQVHV�FDWHJRUL]HG�LQ�WKH������WDEOH�DV��PRGHUDWH���L�H���)(9��GHFUHPHQW�RI���������PLOG

WR�PRGHUDWH�FRXJK��SDLQ�RQ�GHHS�LQVSLUDWLRQ��VKRUWQHVV�RI�EUHDWK��FRPSOHWH�UHFRYHU\�LQ���

KRXUV��DQG�IHZ�VHQVLWLYH�LQGLYLGXDOV�OLNHO\�WR�GLVFRQWLQXH�DFWLYLW\����2WKHU�3DQHO�PHPEHUV

EHOLHYHG�WKDW�DGYHUVH�HIIHFWV�ZRXOG�QRW�UHVXOW�XQOHVV�D�KHDOWK\�LQGLYLGXDO�HQFRXQWHUHG�2��

LQGXFHG�HIIHFWV�FDWHJRUL]HG�DV�VHYHUH��L�H���)(9��GHFUHPHQW�RI���������UHSHDWHG�FRXJK�

PRGHUDWH�WR�VHYHUH�SDLQ�RQ�GHHS�LQVSLUDWLRQ�DQG�EUHDWKLQJ�GLVWUHVV��FRPSOHWH�UHFRYHU\�LQ���

KRXUV��DQG�VRPH�VHQVLWLYH�LQGLYLGXDOV�OLNHO\�WR�GLVFRQWLQXH�DFWLYLW\��

2QH�RI�WKH�3DQHO�PHPEHUV�SRLQWHG�RXW�DW�WKH�'HFHPEHU������&$6$&�PHHWLQJ�WKDW

EHFDXVH�FKLOGUHQ�UHSRUW�IHZ��LI�DQ\��V\PSWRPV�ZKHQ�H[SRVHG�WR�2��FRQFHQWUDWLRQV�OLNHO\�WR

LQGXFH�V\PSWRPV�LQ�DGXOWV��LW�PD\�EH�LQDSSURSULDWH�WR�UHFRPPHQG�WKDW�DOO�FDWHJRULHV�RI

UHVSRQVH�EH�H[SHULHQFHG�E\�FKLOGUHQ�EHIRUH�GHVFULELQJ�WKH�HIIHFWV�DV�DGYHUVH���7KLV�LV�GXH�WR

FRQFHUQ�WKDW�E\�QRW�H[SHULHQFLQJ�WKH��HDUO\�ZDUQLQJ�VLJQDOV���L�H���UHVSLUDWRU\�V\PSWRPV�

FKLOGUHQ�ZRXOG�EH�PRUH�OLNHO\�WR�FRQWLQXH�KLJK�OHYHOV�RI�H[HUWLRQ�GXULQJ�SHULRGV�RI�H[SRVXUH�WR

2��OHYHOV�WKDW�FRXOG�SRWHQWLDOO\�LQGXFH�VXEVWDQWLDO�SXOPRQDU\�IXQFWLRQ�FKDQJHV�DQG�UHSHDWHG

DFXWH�LQIODPPDWRU\�UHVSRQVHV���,Q�ZULWWHQ�FRPPHQWV�IROORZLQJ�WKH�0DUFK������&$6$&
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PHHWLQJ��DQRWKHU�3DQHO�PHPEHU�H[SUHVVHG�WKH�RSLQLRQ�WKDW�WKH�ODFN�RI�D�V\PSWRP�UHVSRQVH

VKRXOG�QRW�EH�FRQVLGHUHG�D�ULVN�IDFWRU�IRU�FKLOGUHQ���7KLV�GLYHUJHQFH�RI�RSLQLRQ�E\�WKH�3DQHO

PHPEHUV�UHJDUGLQJ�ODFN�RI�D�V\PSWRP�UHVSRQVH�LQ�FKLOGUHQ�SRVVLEO\�LQWURGXFLQJ�LQFUHDVHG
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ULVN�RI�H[SRVXUH�WR�2��DQG�UHVXOWDQW�DGYHUVH�FRQVHTXHQFHV�ZDV�GLVFXVVHG�DW�WKH�6HSWHPEHU�����

&$6$&�PHHWLQJ�

7DNLQJ�LQWR�DFFRXQW�ERWK�SUHYLRXV�DQG�FXUUHQW�H[SHUW�RSLQLRQ��VWDII�ZRUNHG�ZLWK

VFLHQWLVWV�LQ�(3$
V�25'�WR�GHYHORS�7DEOHV�9��D��9��E��DQG�9��F��7DEOH�����LQ�WKH�&'�

VKRZLQJ�D�JUDGDWLRQ�RI�UHVSRQVHV�WR�VKRUW�WHUP�2��H[SRVXUHV�IRU�KHDOWK\�LQGLYLGXDOV�

&RQVLVWHQW�ZLWK�$76�JXLGHOLQHV��FXUUHQW�DQG�SDVW�&$6$&�YLHZV��DQG�WKH�MXGJPHQWV�RI�WZR

(3$�$GPLQLVWUDWRUV�LQ�WKH�SUHYLRXV�2��1$$46�UXOHPDNLQJ��VWDII�UHFRPPHQGV�WKDW�IXQFWLRQDO

UHVSRQVHV�FDWHJRUL]HG�DV��VPDOO��LQ�7DEOH�9��D�QRW�EH�FRQVLGHUHG�DGYHUVH�UHVSLUDWRU\�HIIHFWV

IRU�KHDOWK\�LQGLYLGXDOV���,QGLYLGXDO��VPDOO��UHVSRQVHV�WR�2��H[SRVXUHV�DUH�FKDUDFWHUL]HG�E\���

WR�������GHFUHPHQWV�LQ�VSLURPHWU\�DQG��������LQFUHDVHV�LQ�QRQVSHFLILF�EURQFKLDO

UHVSRQVLYHQHVV��ZKLFK�ODVW�OHVV�WKDQ���KRXUV���7KHVH�DUH�RIWHQ�DFFRPSDQLHG�E\�UHVSLUDWRU\

V\PSWRPV�FDWHJRUL]HG�LQ�7DEOH�9��E�DV��PLOG���VXFK�DV�FRXJK�RQO\�GXULQJ�GHHS�LQVSLUDWLRQ�RU

GXULQJ�OXQJ�IXQFWLRQ�WHVWV����6PDOO��IXQFWLRQDO�UHVSRQVHV�DQG��PLOG��V\PSWRPDWLF�UHVSRQVHV

ZRXOG�QRW�JHQHUDOO\�EH�FRQVLGHUHG�PHGLFDOO\�VLJQLILFDQW�DQG�ZRXOG�QRW�EH�H[SHFWHG�WR�LQWHUIHUH

ZLWK�QRUPDO�DFWLYLW\�RI�KHDOWK\�LQGLYLGXDOV��

6WDII�DOVR�UHFRPPHQGV�WKDW�DQ\�RI�WKH�LQGLYLGXDO�IXQFWLRQDO�UHVSRQVHV�FDWHJRUL]HG�DV

�ODUJH��LQ�7DEOH�9��D�RU�V\PSWRPDWLF�UHVSRQVHV�FDWHJRUL]HG�DV��VHYHUH��LQ�7DEOH�9��E�VKRXOG

EH�FRQVLGHUHG�DGYHUVH�UHVSLUDWRU\�HIIHFWV��LQ�DQG�RI�WKHPVHOYHV��IRU�KHDOWK\�LQGLYLGXDOV���6WDII

EHOLHYHV�WKDW�VXFK�UHVSRQVHV��H�J���)(9��GHFUHPHQWV�!������LQFUHDVHV�LQ�QRQVSHFLILF

EURQFKLDO�UHVSRQVLYHQHVV�!�������DQG�XQFRQWUROODEOH��SHUVLVWHQW�FRXJK��DQG�RU�FKHVW�SDLQ

ODVWLQJ����KRXUV�DQG�ORQJHU��DUH�PHGLFDOO\�VLJQLILFDQW�XQGHU�WKH�$76�JXLGHOLQHV��6XFK

UHVSRQVHV�ZRXOG�OLNHO\�FDXVH�PDQ\�LQGLYLGXDOV�WR�KDOW�QRUPDO�DFWLYLWLHV�LQYROYLQJ�SK\VLFDO

H[HUWLRQ���)XUWKHUPRUH��LQGLYLGXDOV�H[SHULHQFLQJ�VXFK�HIIHFWV�ZRXOG�PRVW�OLNHO\�MXGJH�WKDW�WKH\

ZHUH�EHLQJ�DGYHUVHO\�DIIHFWHG�DW�OHDVW�IRU�WKH�GXUDWLRQ�RI�WKH�UHVSRQVH���$V�GLVFXVVHG�E\�3DQHO

PHPEHUV�DW�WKH�0DUFK������&$6$&�PHHWLQJ��VXFK�HIIHFWV�PLJKW�EH�VLPLODU�WR�WKRVH

H[SHULHQFHG�E\�DQ�LQGLYLGXDO�ZLWK�DFXWH�EURQFKLWLV���6WDII�EHOLHYHV�WKDW�LW�LV�PRUH�OLNHO\�WKDW

UHVSRQVHV�RI�WKLV�GHJUHH�FRXOG�EH�DVVRFLDWHG�ZLWK�H[SRVXUHV�WKDW�PD\�EH�OLQNHG�WR�PRUH

VHULRXV��EXW�QRW�VXEMHFWLYHO\�QRWLFHDEOH��UHVSRQVHV��H�J���UHVSLUDWRU\�LQIODPPDWLRQ��OXQJ�WLVVXH

GDPDJH��WKDW�LQGLYLGXDOV�ZRXOG�QRW�SHUFHLYH�ZHUH�RFFXUULQJ��
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7DEOHV�9��D��9��E��DQG�9��F���*UDGDWLRQ�RI�,QGLYLGXDO�5HVSRQVHV�WR
6KRUW�7HUP�2]RQH�([SRVXUH�LQ

+HDOWK\�3HUVRQVD

7DEOH�9��D
)XQFWLRQDO�5HVSRQVH 1RQH 6PDOO 0RGHUDWH /DUJH

)(9� :LWKLQ�QRUPDO
UDQJH��p���

'HFUHPHQWV�RI���
WR�≤���

'HFUHPHQWV�RI
!����EXW�����

'HFUHPHQWV�RI
≥���

1RQVSHFLILF
EURQFKLDO�UHVSRQVLYHQHVVE

:LWKLQ�QRUPDO
UDQJH

,QFUHDVHV�RI
�����

,QFUHDVHV�RI
≤�����

,QFUHDVHV�RI
!����

'XUDWLRQ�RI
UHVSRQVH

1RQH ���KU !��EXW�≤���KU !���KU

7DEOH�9��E

6\PSWRPDWLF�5HVSRQVH 1RUPDO 0LOG 0RGHUDWH 6HYHUH

&RXJK ,QIUHTXHQW
FRXJK

&RXJK�ZLWK�GHHS
EUHDWK

)UHTXHQW
VSRQWDQHRXV�FRXJK

3HUVLVWHQW
XQFRQWUROODEOH
FRXJK

&KHVW�SDLQ 1RQH 'LVFRPIRUW�MXVW
QRWLFHDEOH�RQ
H[HUFLVH�RU�GHHS
EUHDWK

0DUNHG�GLVFRPIRUW
RQ�H[HUFLVH�RU�GHHS
EUHDWK

6HYHUH�GLVFRPIRUW
RQ�H[HUFLVH�RU�GHHS
EUHDWK

'XUDWLRQ�RI�UHVSRQVH 1RQH ���KU !��EXW�≤���KU !���KU

7DEOH�9��F

,PSDFW�RI�9DULRXV
)XQFWLRQDO�DQG�RU
6\PSWRPDWLF�5HVSRQVHV

1RUPDO
)XQFWLRQDO�DQG�RU
6\PSWRPDWLF
5HVSRQVHV

6PDOO�)XQFWLRQDO
DQG�RU�0LOG
6\PSWRPDWLF
5HVSRQVHV

0RGHUDWH
)XQFWLRQDO�DQG�RU
6\PSWRPDWLF
5HVSRQVHV

/DUJH�)XQFWLRQDO
DQG�RU�6HYHUH
6\PSWRPDWLF
5HVSRQVHV

,QWHUIHUHQFH�ZLWK�QRUPDO
DFWLYLW\

1RQH 1RQH $�IHZ�VHQVLWLYH
LQGLYLGXDOV�OLNHO\�WR
OLPLW�DFWLYLW\

0DQ\�VHQVLWLYH
LQGLYLGXDOV�OLNHO\�WR
OLPLW�DFWLYLW\

D6HH�WH[W�IRU�GLVFXVVLRQ��DEEUHYLDWLRQV�DQG�DFURQ\PV�
E$Q�LQFUHDVH�LQ�QRQVSHFLILF�EURQFKLDO�UHVSRQVLYHQHVV�RI������LV�HTXLYDOHQW�WR�D�����GHFUHDVH�LQ�3'���RU�3'���

�VHH�&KDSWHU����6HFWLRQ�������RI�WKH�&'�IRU�D�PRUH�FRPSOHWH�GLVFXVVLRQ��
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(VWDEOLVKLQJ�VSHFLILF�VWDII�UHFRPPHQGDWLRQV�ZLWK�UHJDUG�WR�HIIHFWV�LQ�WKH��PRGHUDWH�

FDWHJRULHV�LQ�7DEOHV�9��D��9��E��DQG�9��F�LV�PRUH�SUREOHPDWLF���7KH�HIIHFWV�LQ�WKLV�FDWHJRU\

FRXOG�LQWHUIHUH�ZLWK�WKH�DFWLYLWLHV�RI�D�IHZ�VHQVLWLYH��KHDOWK\�LQGLYLGXDOV��SDUWLFXODUO\�IRU�WKH

V\PSWRP�UHVSRQVHV�DORQH�RU�ZKHQ�V\PSWRPV�DUH�DFFRPSDQLHG�E\�OXQJ�IXQFWLRQ�GHFUHPHQWV�

7KRVH�VHQVLWLYH�LQGLYLGXDOV�ZKR�H[SHULHQFH�D�FRPELQDWLRQ�RI��PRGHUDWH��IXQFWLRQDO

UHVSRQVHV��L�H���OXQJ�IXQFWLRQ�ORVV�RI�!����EXW������DQG�LQFUHDVHG�QRQVSHFLILF�EURQFKLDO

UHVSRQVLYHQHVV�RI�≤�����ODVWLQJ�IURP���WR����KU��DFFRPSDQLHG�E\��PRGHUDWH��UHVSLUDWRU\

V\PSWRPV��L�H���PDUNHG�GLVFRPIRUW�DQG�IUHTXHQW�FRXJK�SHUVLVWLQJ�IURP���XS�WR����KU��DUH

OLNHO\�WR�OLPLW�DFWLYLW\�DQG�PD\�SHUFHLYH�WKDW�WKH\�KDG�EHHQ�DIIHFWHG�DGYHUVHO\���,W�LV�XQOLNHO\�

KRZHYHU��WKDW�WKHVH�LQGLYLGXDOV�ZRXOG�VHHN�PHGLFDO�WUHDWPHQW�RU�XVH�VHOI�PHGLFDWLRQ�

/XQJ�IXQFWLRQ�GHFUHPHQWV�DW�WKH��PRGHUDWH��OHYHO��ZKLFK�PD\�EH�D�PRUH�OLNHO\

UHVSRQVH�LQ�FKLOGUHQ��PD\�QRW�EH�QRWLFHG�E\�WKH�LQGLYLGXDOV�DIIHFWHG�GXH�WR�D�ODFN�RI�UHVSLUDWRU\

V\PSWRPV���,Q�VXFK�FDVHV��WKH�H[WHQW�WR�ZKLFK�VXFK�UHVSRQVHV�VKRXOG�EH�MXGJHG�DV�DGYHUVH�PD\

GHSHQG�RQ�WKH�OLNHOLKRRG�WKDW�H[SRVXUHV�FDXVLQJ�VXFK�PRGHUDWH�GHFUHDVHV�LQ�OXQJ�IXQFWLRQ�DUH

DVVRFLDWHG�ZLWK�PRUH�VHULRXV�HIIHFWV��DV�WR�ZKLFK�WKHUH�LV�VXEVWDQWLDO�XQFHUWDLQW\�DV�GLVFXVVHG

DERYH���$�IXUWKHU�FRPSOLFDWLRQ�LV�WKDW�WKH�OLNHOLKRRG�RI�VXFK�H[SRVXUHV�LV�UHODWHG�WR�WKH

DWWHQXDWLRQ�RI�HIIHFWV�WKDW�LV�W\SLFDOO\�REVHUYHG�DIWHU�UHSHDWHG�H[SRVXUHV���)RU�H[DPSOH��LW�LV

ZHOO�HVWDEOLVKHG�WKDW�OXQJ�IXQFWLRQ�DQG�V\PSWRP�UHVSRQVHV�LQ�LQGLYLGXDOV�H[SRVHG�WR�2��RQ

FRQVHFXWLYH�GD\V�ZLOO�DWWHQXDWH�XQWLO�DEVHQW��&'��6HF�������������0RVW�LQGLYLGXDOV�LQLWLDOO\

H[SHULHQFH�ODUJHU�GHFUHPHQWV�LQ�)(9��RQ�WKH�VHFRQG�GD\�EXW�E\�WKH�WKLUG�RU�IRXUWK�GD\�ZLOO

H[SHULHQFH��GLVDSSHDUDQFH�RI�)(9��GHFUHPHQWV�ZKHQ�H[SRVHG�WR�2����7KLV�DWWHQXDWLRQ�RI

UHVSRQVH�FDQ�ODVW�IRU�DV�PXFK�DV���WR���ZHHNV��WKXV�UHGXFLQJ�WKH�VHOI�SURWHFWLYH�EHKDYLRU�WKDW

PLJKW�RWKHUZLVH�WHQG�WR�OLPLW�RQJRLQJ�H[SRVXUH���:LWKRXW�UHVSLUDWRU\�V\PSWRPV�RU�DOWHUHG�OXQJ

IXQFWLRQ�DV��HDUO\�ZDUQLQJ�VLJQDOV���VRPH�LQGLYLGXDOV�PD\�EH�PRUH�OLNHO\�WR�H[SRVH�WKHLU�OXQJV

UHSHDWHGO\�WR�2��OHYHOV�SRWHQWLDOO\�DVVRFLDWHG�ZLWK�PRUH�VHULRXV�HIIHFWV��VXFK�DV�SXOPRQDU\

LQIODPPDWLRQ��DOWKRXJK��DV�GLVFXVVHG�DERYH��WKH�H[WHQW�WR�ZKLFK�WKHVH�PRUH�VHULRXV�HIIHFWV�DUH

OLQNHG�WR��PRGHUDWH��OXQJ�IXQFWLRQ�FKDQJHV�LV�XQFHUWDLQ�

'XULQJ�WKH�0DUFK������&$6$&�PHHWLQJ��WKHUH�ZDV�FRQVLGHUDEOH�GLVFXVVLRQ�UHJDUGLQJ

WKH�DGYHUVH�QDWXUH�RI�WKHVH�DFXWH��PRGHUDWH��KHDOWK�HIIHFWV�RI�2����2QH�RI�WKH�3DQHO�PHPEHUV
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LQGLFDWHG�WKDW�H[SHULHQFLQJ�WKHVH�HIIHFWV�RQ�D�VLQJOH�RFFDVLRQ�PLJKW�EH�FRQVLGHUHG�E\�WKH

LQGLYLGXDO�WR�EH�D��QXLVDQFH����7KHUH�DOVR�ZRXOG�EH�OLWWOH�OLNHOLKRRG�RI�DWWHQXDWLRQ�RI�UHVSRQVH

IROORZLQJ�D�VLQJOH�2��H[SRVXUH���+RZHYHU��LI�WKHVH�VDPH�H[SRVXUHV�ZHUH�UHSHDWHG�RQ�PXOWLSOH

RFFDVLRQV�WKH\�PLJKW�EHFRPH�D�PDWWHU�RI�SXEOLF�KHDOWK�FRQFHUQ��SDUWLFXODUO\�LI�ODUJH�VHJPHQWV

RI�WKH�SRSXODWLRQ�H[SHULHQFHG��PRGHUDWH��HIIHFWV�UHSHDWHGO\���,Q�ZULWWHQ�FRPPHQWV�E\�RQH�RI

WKH�3DQHO�PHPEHUV�IROORZLQJ�WKH�0DUFK������&$6$&�PHHWLQJ��LW�ZDV�VXJJHVWHG�WKDW

�PRGHUDWH��V\PSWRPV��H�J���IUHTXHQW�VSRQWDQHRXV�FRXJK��UHSUHVHQW�VLJQLILFDQW�LQIODPPDWLRQ�RI

DLUZD\V�ZKLFK�LV�DQ�LPSRUWDQW�LQGLFDWRU�RI�VLPSOH�FKURQLF�EURQFKLWLV��DQG�WKHUHIRUH�VKRXOG�EH

FRQVLGHUHG�DGYHUVH�RQO\�LI�WKH\�RFFXU�UHSHDWHGO\���6LPLODUO\��ZLWK�UHJDUG�WR�PDUNHG�GLVFRPIRUW

RQ�H[HUFLVH�RU�)9&�WHVW��WKLV�FDWHJRU\�VKRXOG�EH�FRQVLGHUHG�DGYHUVH�LI�UHSHDWHG�EXW�QRW�IRU�D

VLQJOH�HYHQW���7KHVH�FRPPHQWV�XQGHUVFRUH�WKH�FRQVLVWHQF\�RI�&$6$&�RSLQLRQ�WKDW�VLQJOH�

DFXWH��2��LQGXFHG�KHDOWK�HIIHFWV�GHVFULEHG�DERYH�DV��PRGHUDWH��IRU�KHDOWK\�LQGLYLGXDOV�VKRXOG

QRW�EH�FRQVLGHUHG�DGYHUVH���+RZHYHU��DV�RQH�3DQHO�PHPEHU�VWDWHG�LQ�ZULWWHQ�FRPPHQWV���D

VHULHV�RI�SHDNV�FRXOG�ZHOO�VHW�WKH�VWDJH�IRU�VHULRXV�LOOQHVV����%HFDXVH�WKHUH�DSSHDUV�WR�EH�D

JUHDWHU�FRQVHQVXV�RI�RSLQLRQ�UHJDUGLQJ�WKH�DGYHUVH�QDWXUH�RI�UHSHDWHG�KHDOWK�HIIHFWV�RI�PXOWLSOH

2��H[SRVXUH��LW�LV�WKH�UHFRPPHQGDWLRQ�RI�VWDII�WKDW�WKH�QXPEHU�RI�2��H[SRVXUHV�UHVXOWLQJ�LQ

�PRGHUDWH��KHDOWK�HIIHFWV�VKRXOG�EH�FRQVLGHUHG�DV�D�IDFWRU�LQ�FKDUDFWHUL]LQJ�DGYHUVLW\�IRU

KHDOWK\�LQGLYLGXDOV���(3$�VWDII�DUH�FRQFHUQHG�WKDW�PXOWLSOH�H[SRVXUHV�WR�2��FRXOG�LQGXFH

DGYHUVH�HIIHFWV�LQ�KHDOWK\�LQGLYLGXDOV�LI�WKH\�DUH�SDUWLFXODUO\�VHQVLWLYH�DQG�FRXOG�UHVXOW�LQ

OLPLWDWLRQ�DFWLYLW\�RU�VHOI�PHGLFDWLRQ�GXH�WR�2��H[SRVXUH���,Q�VXPPDU\��WKH�GHJUHH�RI�DGYHUVLW\

RI�UHSHDWHG��PRGHUDWH��UHVSRQVHV�LQ�KHDOWK\�LQGLYLGXDOV�LV�OLNHO\�WR�LQFUHDVH�ZLWK�WKH�LQFUHDVLQJ

QXPEHU�RI�RFFXUUHQFHV�DQG�ZLWK�WKH�FRPELQDWLRQ�RI�GLIIHUHQW�UHVSRQVHV�

*� 2]RQH�([SRVXUH�$QDO\VLV

�� 2YHUYLHZ

�7KLV�VHFWLRQ�GLVFXVVHV�D�VHULHV�RI�DQDO\VHV�GHVLJQHG�WR�SURYLGH�HVWLPDWHV�RI�2��H[SRVXUH

IRU�WKH�JHQHUDO�SRSXODWLRQ�DQG�WZR�VXESRSXODWLRQV��L�H����RXWGRRU�ZRUNHUV��DQG��RXWGRRU

FKLOGUHQ���OLYLQJ�LQ���8�6��XUEDQ�DUHDV�XQGHU�WKH�FRQGLWLRQV�WKDW�YDULRXV�DOWHUQDWLYH����DQG���

KRXU�����DQG���H[SHFWHG�H[FHHGDQFH�1$$46�DUH�MXVW�DWWDLQHG���7R�SURYLGH�VRPH�SHUVSHFWLYH�

H[SRVXUH�HVWLPDWHV�DUH�DOVR�SURYLGHG�IRU�D�UHFHQW�\HDU��HLWKHU������RU�������IRU�HDFK�RI�WKH��
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XUEDQ�DUHDV���7KH�H[SRVXUH�HVWLPDWHV�VXPPDUL]HG�LQ�WKLV�VHFWLRQ�DOVR�DUH�DQ�LPSRUWDQW�LQSXW�WR

WKH��KHDGFRXQW��KHDOWK�ULVN�DVVHVVPHQW�GHVFULEHG�LQ�6HFWLRQ�9�+��

7KH�UHJXODWRU\�VFHQDULRV�H[DPLQHG�LQ�WKH�H[SRVXUH�DQDO\VLV�DUH�OLPLWHG�WR����DQG���

H[SHFWHG�H[FHHGDQFH�DOWHUQDWLYH�VWDQGDUGV�DQG�DUH�EDVHG�RQ�XVH�RI�D�VLQJOH�\HDU�RI�GDWD��

+RZHYHU��RQH�FDQ�XVH�WKHVH�HVWLPDWHV�WR�URXJKO\�ERXQG�WKH�H[SRVXUH�DQG�KHDOWK�ULVNV�IRU�RWKHU

IRUPV�RI�WKH�VWDQGDUG�XQGHU�FRQVLGHUDWLRQ��H�J���DYHUDJH�RI�WKH��QG�GDLO\�PD[LPXP���KU

DYHUDJH�RYHU�D���\HDU�SHULRG��E\�XVLQJ�DLU�TXDOLW\�DQDO\VHV�WKDW�FRPSDUH�DOWHUQDWLYH�IRUPV�RI

WKH�SULPDU\�VWDQGDUG���,Q�DQDO\]LQJ�WKH�H[SRVXUHV�DQG�KHDOWK�ULVNV�IRU�DQ\�RI�WKH�IRUPV�RI�WKH

VWDQGDUG�WKDW�DUH�EDVHG�RQ�DQ�DYHUDJH�FRQFHQWUDWLRQ�RU�H[SHFWHG�QXPEHU�RI�H[FHHGDQFHV�RYHU�D

PXOWLSOH�\HDU�SHULRG��LQFOXGLQJ�WKH�FXUUHQW���H[SHFWHG�H[FHHGDQFH����KU�VWDQGDUG��WKH�H[SRVXUH

DQG�ULVN�HVWLPDWHV�UHIOHFW�ZKDW�ZRXOG�EH�H[SHFWHG�LQ�D�W\SLFDO�RU�DYHUDJH�\HDU�LQ�DQ�DUHD�MXVW

DWWDLQLQJ�D�JLYHQ�VWDQGDUG���$Q�DUHD�MXVW�DWWDLQLQJ�D�VWDQGDUG�PLJKW�KDYH�DQQXDO�H[SRVXUHV�DQG

KHDOWK�ULVNV�VRPHZKDW�ORZHU�RU�KLJKHU�WKDQ�WKH�DYHUDJH�HVWLPDWHV�RYHU�WKH�PXOWLSOH�\HDU�SHULRG

XVHG�WR�GHILQH�DWWDLQPHQW�RI�WKH�VWDQGDUG�

)LJXUH�9���LOOXVWUDWHV�WKH�YDULRXV�FRPSRQHQWV�RI�WKH�H[SRVXUH�PRGHO�DQG�KRZ�WKH

H[SRVXUH�DVVHVVPHQW�UHODWHV�WR�ULVN�DVVHVVPHQW���)RXU�YHUVLRQV�RI�WKH�SUREDELOLVWLF�1$$46

H[SRVXUH�PRGHO�IRU�2���S1(0�2���ZHUH�XVHG�WR�HVWLPDWH�SRSXODWLRQ�H[SRVXUH�XQGHU�DOWHUQDWLYH

���DQG���KU�VWDQGDUGV���7KH�S1(0�2��H[SRVXUH�PRGHO�EXLOGV�RQ�HDUOLHU�GHWHUPLQLVWLF�YHUVLRQV

RI�1(0�E\�PRGHOLQJ�UDQGRP�SURFHVVHV�ZLWKLQ�WKH�H[SRVXUH�VLPXODWLRQ���$�EULHI�VXPPDU\�RI

WKH�S1(0�2��PRGHO�LV�SURYLGHG�EHORZ���$�PRUH�GHWDLOHG�GHVFULSWLRQ�RI�S1(0�2��DQG�LWV

DSSOLFDWLRQ�WR�WKH�JHQHUDO�SRSXODWLRQ��RXWGRRU�ZRUNHUV��RXWGRRU�FKLOGUHQ��DQG�D�VLQJOH�VXPPHU

FDPS�LQ�&DOLIRUQLD�FDQ�EH�IRXQG�HOVHZKHUH�LQ�D
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FROOHFWLRQ�RI�H[SRVXUH�VXSSRUW�GRFXPHQWV��-RKQVRQ��������-RKQVRQ�HW�DO�������D�E�F�

0F&XUG\������D����7KH�S1(0�2��PRGHO�KDV�EHHQ�GHVLJQHG�WR�WDNH�LQWR�DFFRXQW�WKH�PRVW

VLJQLILFDQW�IDFWRUV�FRQWULEXWLQJ�WR�WRWDO�KXPDQ�2��H[SRVXUH���7KHVH�IDFWRUV�LQFOXGH�WKH�WHPSRUDO

DQG�VSDWLDO�GLVWULEXWLRQ�RI�SHRSOH�DQG�2��FRQFHQWUDWLRQV�WKURXJKRXW�DQ�XUEDQ�DUHD��WKH�YDULDWLRQ

RI�2��OHYHOV�ZLWKLQ�HDFK�PLFURHQYLURQPHQW��DQG�WKH�HIIHFWV�RI�H[HUWLRQ��LQFUHDVHG�YHQWLODWLRQ�

RQ�2��XSWDNH�LQ�H[SRVHG�LQGLYLGXDOV�

7KUHH�YHUVLRQV�RI�WKH�S1(0�2��PRGHO�KDYH�EHHQ�UXQ��JHQHUDO�SRSXODWLRQ��RXWGRRU

ZRUNHUV��DQG�RXWGRRU�FKLOGUHQ��DQG�DSSOLHG�WR�WKH�VDPH�QLQH�PDMRU�XUEDQ�DUHDV���7KH�IRXUWK

YHUVLRQ�ZDV�DSSOLHG�WR�D�VSHFLILF�VXPPHU�FDPS�LQ�3LQH�6SULQJV��&DOLIRUQLD��VHH�-RKQVRQ�

��������7KH�QLQH�XUEDQ�DUHDV�XVHG�LQ�WKH�JHQHUDO�SRSXODWLRQ��RXWGRRU�ZRUNHU��DQG�RXWGRRU

FKLOGUHQ�YHUVLRQV�RI�WKH�PRGHO�YDU\�JUHDWO\�LQ�JHRJUDSKLFDO�ORFDWLRQ��2���GHVLJQ�YDOXH���

SRSXODWLRQ�VL]H��ERWK�PRGHOHG�DQG�WRWDO�06$���DQG�QXPEHU�RI�H[SRVXUH�GLVWULFWV�LQFOXGHG���7KH

DUHDV�ZHUH�VHOHFWHG�WR�REWDLQ�DV�ZLGHO\�UHSUHVHQWDWLYH�D�PRGHOLQJ�GRPDLQ�DV�SRVVLEOH�JLYHQ�WKH

RYHUDOO�QHHG�IRU�PRQLWRULQJ�GDWD�FRPSOHWHQHVV�LQ�DQ�DUHD����

)RU�LQVWDQFH��XUEDQ�VWXG\�DUHD�SRSXODWLRQV�PRGHOHG�YDU\�IURP�'HQYHU��ZLWK�D

SRSXODWLRQ�RI�����PLOOLRQ��WR�WKH�1HZ�<RUN�DUHD��ZLWK�D�SRSXODWLRQ�RI�DERXW������PLOOLRQ

SHRSOH��,QIRUPDWLRQ�DERXW�WKH�VWXG\�DUHD�SRSXODWLRQ��QXPEHU�RI�H[SRVXUH�GLVWULFWV��\HDU�DQG

2��VHDVRQ�PRGHOHG��DQG�VXPPDU\�DLU�TXDOLW\�VWDWLVWLFV�IRU�WKH�QLQH�VWXG\�DUHDV�DUH�SUHVHQWHG�LQ

7DEOH�9���

7KH�WRWDO�SRSXODWLRQ�LQFOXGHG�LQ�WKH���XUEDQ�VWXG\�DUHDV�FRYHUHG�E\�WKH�H[SRVXUH

DQDO\VLV�LV������PLOOLRQ�SHRSOH���*LYHQ�WKH�FRQVLGHUDEOH�DGGLWLRQDO�XQFHUWDLQW\�WKDW�ZRXOG�EH

LQWURGXFHG��2$436�KDV�FKRVHQ�QRW�WR�H[WUDSRODWH�WKH�H[SRVXUH�HVWLPDWHV�IURP�WKH���XUEDQ

                    

��$�GHVLJQ�YDOXH�LV�WKDW�PHDVXUHG�DLU�TXDOLW\�FRQFHQWUDWLRQ�YDOXH�LQ�D�06$�WKDW�PXVW�EH�UHGXFHG�WR�WKH�2��VWDQGDUG�OHYHO
WR�HQVXUH�WKDW�WKH�DUHD�PHHWV�WKH�FXUUHQW�2��1$$46�IRUPXODWLRQ�RI�����H[SHFWHG�H[FHHGDQFHV�RI������SSP�GDLO\
PD[LPXP���KRXU�DYHUDJH���7KH�GHVLJQ�YDOXH�VKRZQ�LQ�7DEOH�9���LV�WKH�VHFRQG�KLJKHVW���KRXU�GDLO\�PD[LPXP
FRQFHQWUDWLRQ�LQ�WKH�2��DLU�TXDOLW\�GDWD�EDVH�IRU�WKH�\HDU�PRGHOHG���
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DUHDV�WR�REWDLQ�QDWLRQDO�H[SRVXUH�HVWLPDWHV���7KH���XUEDQ�DUHDV�UHSUHVHQW�D�VLJQLILFDQW

IUDFWLRQ�RI�WKH�8�6��XUEDQ�SRSXODWLRQ�DQG�LQFOXGH�WKH�ODUJHVW�DUHDV�ZLWK�PDMRU�2�

QRQDWWDLQPHQW�SUREOHPV��H�J���/RV�$QJHOHV��&KLFDJR��1HZ�<RUN��DQG�+RXVWRQ��
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6WXG\�$UHD �����3RSXODWLRQ
LQ�6WXG\�$UHD
�PLOOLRQV�

����
�06$�RU
&06$
3RSXODWLRQ
�PLOOLRQV�

1XPEHU�RI
([SRVXUH
'LVWULFWV

([SRVXUH�3HULRG

��<HDU����0RQWKV

'DLO\�0D[�
+RXUO\�'HVLJQ
9DOXH��SSP�D

&KLFDJR ��� ��� �� ���� $SU�2FW �����

'HQYHU ��� ��� � ���� 0DU�6HS �����

+RXVWRQ ��� ��� �� ���� -DQ�'HF ����

/RV�$QJHOHV ���� ���� �� ���� -DQ�'HF ����

0LDPL ��� ��� � ���� -DQ�'HF �����

1HZ�<RUN�&LW\ ���� �� �� ���� $SU�2FW �����

3KLODGHOSKLD ��� � �� ���� $SU�2FW �����

                    

D7KH�GHVLJQ�YDOXH�OLVWHG�KHUH�LV�WKH�VHFRQG�KLJKHVW���KRXU�GDLO\�PD[LPXP�FRQFHQWUDWLRQ�LQ�WKH�2��DLU�TXDOLW\�GDWD�EDVH�IRU�WKH�\HDU
PRGHOHG�
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6W��/RXLV ��� ��� �� ���� $SU�2FW ����

:DVKLQJWRQ��'�&� ��� ��� �� ���� $SU�2FW �����
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�� ([SRVXUH�0RGHOLQJ�0HWKRGRORJ\

7KH�S1(0�2��PRGHO�FRQVLVWV�RI�WZR�SULQFLSDO�SDUWV��WKH�FRKRUW�H[SRVXUH�SURJUDP�DQG

WKH�H[SRVXUH�H[WUDSRODWLRQ�SURJUDP���7KH�FRKRUW�H[SRVXUH�SURJUDP�HVWLPDWHV�WKH�VHTXHQFH�RI

2��H[SRVXUHV�H[SHULHQFHG�E\�GHILQHG�SRSXODWLRQ�JURXSV���7KH�H[SRVXUH�H[WUDSRODWLRQ�SURJUDP

HVWLPDWHV�WKH�QXPEHU�RI�SHUVRQV�ZLWKLQ�D�SDUWLFXODU�VWXG\�WKDW�DUH�UHSUHVHQWHG�E\�HDFK�FRKRUW

DQG�WKHQ�FRPELQHV�WKLV�LQIRUPDWLRQ�ZLWK�FRKRUW�H[SRVXUH�VHTXHQFHV�WR�HVWLPDWH�WKH�GLVWULEXWLRQ

RI�H[SRVXUHV�RYHU�D�GHILQHG�SRSXODWLRQ�RI�LQWHUHVW�

7KH�S1(0�2��PHWKRGRORJ\�FRQVLVWV�RI�WKH�IROORZLQJ�ILYH�VWHSV�

��� GHILQH�D�VWXG\�DUHD��D�SRSXODWLRQ�RI�LQWHUHVW��DSSURSULDWH�VXEGLYLVLRQV�RI�WKH
VWXG\�DUHD��DQG�DQ�H[SRVXUH�SHULRG�

��� GLYLGH�WKH�SRSXODWLRQ�RI�LQWHUHVW�LQWR�DQ�H[KDXVWLYH�VHW�RI�FRKRUWV�

��� GHYHORS�DQ�H[SRVXUH�HYHQW�VHTXHQFH�IRU�HDFK�FRKRUW�IRU�WKH�H[SRVXUH�SHULRG�

��� HVWLPDWH�WKH�SROOXWDQW�FRQFHQWUDWLRQ�DQG�YHQWLODWLRQ�UDWH�DVVRFLDWHG�ZLWK�HDFK
H[SRVXUH�HYHQW��DQG

��� H[WUDSRODWH�FRKRUW�H[SRVXUHV�WR�WKH�SRSXODWLRQ�RI�LQWHUHVW�

(DFK�RI�WKHVH�VWHSV�LV�GHVFULEHG�LQ�PRUH�GHWDLO�LQ�WKH�IROORZLQJ�GLVFXVVLRQ�

'HILQH�WKH�6WXG\�$UHD��6XEGLYLVLRQV�RI�WKH�6WXG\�$UHD��WKH�([SRVXUH�3HULRG�DQG�WKH

3RSXODWLRQ�RI�,QWHUHVW���7KH�VWXG\�DUHD�LV�GHILQHG�DV�DQ�DJJUHJDWLRQ�RI�H[SRVXUH�GLVWULFWV���(DFK

H[SRVXUH�GLVWULFW�LV�GHILQHG�DV�D�FRQWLJXRXV�VHW�RI�JHRJUDSKLFDO�FHQVXV�XQLWV��*&8����(DFK

*&8�FRQVLVWV�RI�RQH�RU�PRUH�FHQVXV�WUDFWV�DV�GHILQHG�E\�WKH������FHQVXV���$OO�*&8V�DVVLJQHG

WR�D�SDUWLFXODU�H[SRVXUH�GLVWULFW�DUH�ORFDWHG�ZLWKLQ�D�VSHFLILHG�UDGLXV�����NP��RI�D�IL[HG�VLWH�2�

PRQLWRU�

$V�LQGLFDWHG�SUHYLRXVO\��WKH�QLQH�XUEDQ�DUHDV�XVHG�LQ�WKH�JHQHUDO�SRSXODWLRQ��RXWGRRU

ZRUNHU��DQG�RXWGRRU�FKLOGUHQ�YHUVLRQV�RI�WKH�PRGHO�YDU\�JUHDWO\�LQ�JHRJUDSKLFDO�ORFDWLRQ��2�

�GHVLJQ�YDOXH���SRSXODWLRQ�VL]H��ERWK�PRGHOHG�DQG�WRWDO�06$���DQG�QXPEHU�RI�H[SRVXUH

GLVWULFWV�LQFOXGHG���(DFK�XUEDQ�DUHD�ZDV�GLYLGHG�LQWR�ODUJH�H[SRVXUH�GLVWULFWV��YDU\LQJ�IURP���WR

���LQ�WKH�QLQH�DUHDV�PRGHOHG��FRUUHVSRQGLQJ�WR�WKH�QXPEHU�RI�DLU�TXDOLW\�PRQLWRUV�KDYLQJ�YDOLG

DLU�TXDOLW\�GDWD�LQ�D�VWXG\�DUHD���0RVW�RI�WKH�XUEDQ�DUHDV�KDG����RU�PRUH�GLVWULFWV�



��

ZLWKLQ�WKHLU�ERXQGDULHV���7KH�VWXG\�DUHDV�LQFOXGHG�XUEDQ�DQG�VXEXUEDQ�FRXQWLHV�QH[W�WR�WKH

FHQWUDO�FLW\�IRU�ZKLFK�WKH�VWXG\�DUHDV�DUH�QDPHG���7R�LOOXVWUDWH�WKLV�SRLQW��)LJXUH�9���VKRZV�WKH

1HZ�<RUN�FRQVROLGDWHG�PHWURSROLWDQ�VWDWLVWLFDO�DUHD�DQG�WKH�PRQLWRUV�XVHG�LQ�WKH�1HZ�<RUN

VWXG\�DUHD�IRU�SXUSRVHV�RI�WKH�S1(0�2��DQDO\VLV�DUH�LQGLFDWHG�E\�WKH�FLUFOHV�RQ�WKH�PDS�

)URP���WR����PRQLWRULQJ�VLWHV�ZHUH�VHOHFWHG�WR�UHSUHVHQW�WKH�VSDWLDO�YDULDWLRQ�RI�2�

OHYHOV�LQ�HDFK�RI�WKH���VWXG\�DUHDV���7KH�QXPEHU�RI�PRQLWRUV�FKRVHQ�IRU�HDFK�DUHD�GHSHQGV

XSRQ�D�GDWD�FRPSOHWHQHVV�FULWHULRQ��L�H���GDWD�DUH�DW�OHDVW�����FRPSOHWH��IRU�HDFK�PRQLWRU�DQG

WKH�DYDLODELOLW\�RI�KRPH�WR�ZRUN�FRPPXWLQJ�GDWD�IRU�D�GLVWULFW���)RU�/RV�$QJHOHV�����SRVVLEOH

PRQLWRUV�ZHUH�SDUHG�GRZQ�WR����EHFDXVH�RI�OLPLWDWLRQV�RQ�FRPSXWDWLRQDO�UHVRXUFHV���7KLV

SDULQJ�GRZQ�ZDV�DFFRPSOLVKHG�E\�UHPRYLQJ�RQH�RI�QHDUE\�SDLUV�RI�PRQLWRUV�WKDW�KDV�VLPLODU

2��DLU�TXDOLW\�GLVWULEXWLRQV���,Q�WKH�1HZ�<RUN�VWXG\�DUHD��RQH�VLWH��WKH�:RUOG�7UDGH�&HQWHU�

ZDV�UHPRYHG�EHFDXVH�WKH�PRQLWRU�LV�SODFHG�RQ�WKH�WRS�RI�WKH�EXLOGLQJ�DQG�LV�QRW�FRQVLGHUHG

UHSUHVHQWDWLYH�IRU�SRSXODWLRQ�H[SRVXUH���7KH�QHDUHVW�1HZ�<RUN�&LW\�PRQLWRU�LV�XVHG�WR

UHSUHVHQW�WKH�:RUOG�7UDGH�&HQWHU�GLVWULFW���2WKHUZLVH��DOO�DYDLODEOH�PRQLWRUV�PHHWLQJ�WKH

DERYH�FULWHULD�ZHUH�XVHG�LQ�HDFK�RI�WKH�VWXG\�DUHDV��

7KH�H[SRVXUH�SHULRG�LV�GHILQHG�DV�D�VHULHV�RI�PRQWKV�ZLWKLQ�D�SDUWLFXODU�FDOHQGDU�\HDU

FRUUHVSRQGLQJ�WR�WKH�GHVLJQDWHG�2��PRQLWRULQJ�VHDVRQ�VSHFLILHG�IRU�WKH�XUEDQ�DUHD�E\�WKH�8�6�

(3$���)RU�VL[�RI�WKH�QLQH�XUEDQ�DUHDV�WKH�VHDVRQ�LV�QLQH�PRQWKV�ORQJ��ZKLOH�WKUHH�DUHDV��/RV

$QJHOHV��+RXVWRQ��DQG�0LDPL��KDYH�D����PRQWK�VHDVRQ�

7KH�&'�LGHQWLILHV�RXWGRRU�ZRUNHUV�DQG�FKLOGUHQ�DV�WZR�SRSXODWLRQ�JURXSV�SDUWLFXODUO\

DW�ULVN�IRU�H[SHULHQFLQJ�2��UHODWHG�KHDOWK�HIIHFWV���7KHVH�WZR�JURXSV�ZHUH�LGHQWLILHG�EDVHG�RQ

WKH�LQFUHDVHG�WLPH�WKH\�VSHQG�RXWGRRUV�HQJDJHG�LQ�PRGHUDWH�DQG�KHDY\�H[HUWLRQ�ZKLFK

LQFUHDVHV�WKH�OLNHOLKRRG�RI�H[SHULHQFLQJ�2��LQGXFHG�KHDOWK�HIIHFWV���:KLOH�FKLOGUHQ�DQG�ZRUNHUV

ZHUH�LQFOXGHG�LQ�WKH�JHQHUDO�SRSXODWLRQ�YHUVLRQ�RI�S1(0�2���(3$�DQDO\VWV�IHOW�WKDW�WKH

SURFHGXUHV�XVHG�GLG�QRW�DGHTXDWHO\�UHSUHVHQW�H[SRVXUHV�IRU�ZRUNHUV�RU�FKLOGUHQ�WKDW

VSHQG�FRQVLGHUDEOH�WLPH�RXWGRRUV�RQ�D�UHJXODU�EDVLV���7KHUHIRUH��VSHFLDO�YHUVLRQV�RI�S1(0�2�

ZHUH�GHYHORSHG�WR�HVWLPDWH�SRSXODWLRQ�H[SRVXUHV�IRU�RXWGRRU�ZRUNHUV�DQG�RXWGRRU�FKLOGUHQ��

7DEOH�9���OLVWV�WKH������SRSXODWLRQ�HVWLPDWHV�IRU�WKH�JHQHUDO�SRSXODWLRQ��RXWGRRU�ZRUNHUV��DQG

RXWGRRU�FKLOGUHQ�LQ�HDFK�RI�WKH�QLQH�XUEDQ�DUHDV�
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),*85(�9�����1HZ�<RUN�8UEDQ�$UHD�0RQLWRULQJ�6LWHV�8VHG�LQ�S1(0�$QDO\VHV�
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7$%/(�9�����3238/$7,21�(67,0$7(6�)25�2=21(�678'<�$5($6�86('�,1

S1(0�2��$1$/<6(6

6WXG\�$UHD ����
�*HQHUDO�
3RSXODWLRQ�LQ
6WXG\�$UHD
�PLOOLRQV�

����
�2XWGRRU
:RUNHU

3RSXODWLRQ�LQ
6WXG\�$UHD
�WKRXVDQGV�

����
2XWGRRU
&KLOGUHQ
3RSXODWLRQ
LQ�6WXG\
$UHD

�WKRXVDQGV�

&KLFDJR ��� ��� ���

'HQYHU ��� �� ���

+RXVWRQ ��� �� ���

/RV�$QJHOHV ���� ��� ���

0LDPL ��� �� ���

1HZ�<RUN�&LW\ ���� ��� ���

3KLODGHOSKLD ��� �� ���

6W��/RXLV ��� �� ���

:DVKLQJWRQ��'�&� ��� �� ���

� � �
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'LYLGH�WKH�3RSXODWLRQ�RI�,QWHUHVW�,QWR�DQ�([KDXVWLYH�6HW�RI�&RKRUWV���7KH�SRSXODWLRQ�RI

LQWHUHVW��LQ�HDFK�YHUVLRQ�RI�WKH�PRGHO��LV�GLYLGHG�LQWR�D�VHW�RI�FRKRUWV�VXFK�WKDW�HDFK�SHUVRQ�LV

DVVLJQHG�WR�RQO\�RQH�FRKRUW���(DFK�FRKRUW�LV�DVVXPHG�WR�FRQWDLQ�SHUVRQV�ZLWK�LGHQWLFDO

H[SRVXUHV�GXULQJ�WKH�VSHFLILHG�H[SRVXUH�SHULRG���&RKRUW�H[SRVXUH�LV�W\SLFDOO\�DVVXPHG�WR�EH�D

IXQFWLRQ�RI�����GHPRJUDSKLF�JURXS������ORFDWLRQ�RI�UHVLGHQFH��DQG�����ORFDWLRQ�RI�ZRUN�SODFH��

6SHFLI\LQJ�WKH�KRPH�DQG�ZRUN�GLVWULFW�RI�HDFK�FRKRUW�SURYLGHV�D�PHDQV�RI�OLQNLQJ�FRKRUW

H[SRVXUH�WR�DPELHQW�SROOXWDQW�FRQFHQWUDWLRQV���6SHFLI\LQJ�WKH�GHPRJUDSKLF�JURXSV�SURYLGHV�D

PHDQV�RI�OLQNLQJ�FRKRUW�H[SRVXUH�WR�DFWLYLW\�SDWWHUQV�WKDW�YDU\�ZLWK�DJH��ZRUN�VWDWXV��DQG�RWKHU

GHPRJUDSKLF�YDULDEOHV�

%HFDXVH�ERWK�WKH�LQWDNH�GRVH�UHFHLYHG�DQG�VXVFHSWLELOLW\�WR�2��KHDOWK�HIIHFWV�PD\�YDU\

ZLWK�DJH��RFFXSDWLRQ��DQG�LQWHQVLW\�RI�H[HUWLRQ��WKH�WRWDO�SRSXODWLRQ�RI�HDFK�VWXG\�DUHD�ZDV

GLYLGHG�LQWR���DJH�RFFXSDWLRQ��$�2��JURXSV���(DFK�$�2�JURXS�ZDV�IXUWKHU�VXEGLYLGHG�LQWR

FRKRUWV�GHSHQGLQJ�XSRQ�����WKH�W\SH�RI�DLU�FRQGLWLRQLQJ�V\VWHP�SUHVHQW�LQ�WKH�KRPH��LI�DQ\�����

KRPH�GLVWULFW��DQG�����ZRUN�GLVWULFW�

'HYHORS�DQ�([SRVXUH�(YHQW�6HTXHQFH�IRU�(DFK�&RKRUW�IRU�WKH�([SRVXUH�3HULRG���7KH

H[SRVXUH�RI�HDFK�FRKRUW�LV�GHWHUPLQHG�E\�DQ�H[SRVXUH�HYHQW�VHTXHQFH��((6��VSHFLILF�WR�WKH

FRKRUW���(DFK�((6�FRQVLVWV�RI�D�VHULHV�RI�HYHQWV�ZLWK�GXUDWLRQV�IURP���WR����PLQXWHV���7R

GHWHUPLQH�DYHUDJH�H[SRVXUHV�IRU�VSHFLILF�FORFN�KRXUV��H[SRVXUH�HYHQWV�DUH�GHILQHG�VXFK�WKDW�QR

HYHQW�IDOOV�ZLWKLQ�PRUH�WKDQ�RQH�FORFN�KRXU���(DFK�H[SRVXUH�HYHQW�DVVLJQV�WKH�FRKRUW�WR�D

SDUWLFXODU�FRPELQDWLRQ�RI�JHRJUDSKLF�DUHD�DQG�PLFURHQYLURQPHQW���(DFK�HYHQW�DOVR�SURYLGHV�DQ

LQGLFDWLRQ�RI�EUHDWKLQJ�UDWH���7KH�EUHDWKLQJ�UDWHV�DUH�FODVVLILHG�DV�VOHHSLQJ��VORZ��PHGLXP��DQG

IDVW�

((6V�DUH�GHWHUPLQHG�E\�DVVHPEOLQJ�DFWLYLW\�GLDU\�UHFRUGV�UHODWLQJ�WR�LQGLYLGXDO����KRXU

SHULRGV�LQWR�D�VHULHV�RI�UHFRUGV�VSDQQLQJ�WKH�2��VHDVRQ�RI�WKH�VWXG\�DUHD���%HFDXVH�HDFK�VXEMHFW

RI�WKH�DFWLYLW\�SDWWHUQ�GLDU\�VWXGLHV�SURYLGHV�GDWD�IRU�RQH�WR�WKUHH�GD\V��WKH�FRQVWUXFWLRQ�RI�D

PXOWL�PRQWK�((6�UHTXLUHV�HLWKHU�UHSHWLWLRQ�RI�GDWD�IURP�RQH�VXEMHFW�RU�WKH�XVH�RI�GDWD�IURP

PXOWLSOH�VXEMHFWV���7KH�ODWWHU�DSSURDFK�LV�XVHG�LQ�DOO�WKUHH�31(0�YHUVLRQV�GLVFXVVHG�KHUH�

7KH�XVH�RI�DFWLYLW\�GDWD�IURP�PXOWLSOH�SHUVRQV�WR�FRQVWUXFW�D�PXOWL�PRQWK�((6�IRU�HDFK

FRKRUW�LV�EHOLHYHG�WR�EHWWHU�UHSUHVHQW�WKH�YDULDELOLW\�RI�H[SRVXUH�WKDW�LV�H[SHFWHG�WR�RFFXU

DPRQJ�SHUVRQV�LQFOXGHG�LQ�HDFK�FRKRUW���+RZHYHU��WKH�IDFW�WKDW�D�PXOWL�PRQWK�((6�LV
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FRQVWUXFWHG�E\�XVLQJ�GDWD�IURP�PXOWLSOH�VXEMHFWV�PHDQV�WKHUH�LV�PRUH�XQFHUWDLQW\�LQ�WKH�SHUVRQV

H[SRVXUH�PHDVXUH�DQG��LQ�SDUWLFXODU��LQ�WKH�HVWLPDWHV�RI�KRZ�PDQ\�WLPHV�DQ\�LQGLYLGXDO�LV

H[SRVHG�WR�D�JLYHQ�FRQFHQWUDWLRQ���7KH�31(0�2��PRGHO�SUREDEO\�XQGHUHVWLPDWHV�WKH

IUHTXHQF\�RI�H[SRVXUHV�IRU�WKRVH�LQGLYLGXDOV�LQ�WKH�SRSXODWLRQ�WKDW�HQJDJH�LQ�PRGHUDWH�RU

KHDY\�H[HUWLRQ�RQ�D�UHJXODU�EDVLV���

)RU�WKH�JHQHUDO�SRSXODWLRQ�YHUVLRQ�RI�WKH�PRGHO��DFWLYLW\�GLDU\�GDWD�ZHUH�REWDLQHG�IURP

WKH�&LQFLQQDWL�$FWLYLW\�'LDU\�6WXG\��&$'6���-RKQVRQ����������7KH�&$'6�GDWD�EDVH�LQFOXGHV

RYHU�����VXEMHFWV�ZKR�FRPSOHWHG�WKUHH�GD\�DFWLYLW\�GLDULHV��

)RU�WKH�RXWGRRU�ZRUNHU�YHUVLRQ�RI�31(0�2���DGGLWLRQDO�GDWD�IURP�VL[�RWKHU

WLPH�DFWLYLW\�VWXGLHV�ZHUH�FRPELQHG�ZLWK�WKH�&$'6�GDWDEDVH�DQG�SURFHVVHG�WR�SURYLGH�D

XQLILHG�WLPH�DFWLYLW\�GDWDEDVH�UHSUHVHQWDWLYH�RI�RXWGRRU�ZRUNHUV���7KHVH�VWXGLHV�DUH

VXPPDUL]HG�LQ�7DEOH�9�����7KH�DFWLYLW\�GDWD�VHOHFWHG�WR�UHSUHVHQW�RXWGRRU�ZRUNHUV�ZHUH

EDVHG�RQ�VHOHFWLQJ�GDWD�IURP�VXEMHFWV�WKDW�VSHQW�DW�OHDVW�IRXU�KRXUV�DW�ZRUN�DQG�VSHQW�DW�OHDVW���

SHUFHQW�RI�WKHLU�ZRUN�WLPH�RXWGRRUV���7KH�ILQDO�SRRO�FRQWDLQHG����RXWGRRU�ZRUNHUV�ZLWK����

SHUVRQ�GD\V�RI�GLDU\�GDWD���&LW\�VSHFLILF�RXWGRRU�ZRUNHU�HVWLPDWHV�ZHUH�GHULYHG�EDVHG�RQ�FLW\�

VSHFLILF������&HQVXV�GDWD�DQG�MXGJPHQWV�E\�D�SDQHO�RI�UHVHDUFKHUV�DERXW�WKH�SHUFHQWDJH�RI

RXWGRRU�ZRUNHUV�LQ�HDFK�RI����&HQVXV�RFFXSDWLRQ�JURXSV���6HFWLRQ���RI�-RKQVRQ�HW�DO�������F�

SURYLGHV�D�GHWDLOHG�GHVFULSWLRQ�RI�WKH�SURFHGXUHV�XVHG�WR�GHYHORS�WKH�RXWGRRU�ZRUNHU

WLPH�DFWLYLW\�GDWD�EDVH�DQG�SRSXODWLRQ�H[WUDSRODWLRQ�

)RU�WKH�RXWGRRU�FKLOGUHQ�YHUVLRQ�RI�31(0�2���DGGLWLRQDO�GDWD�IURP�VL[�RWKHU

WLPH�DFWLYLW\�VWXGLHV�ZHUH�FRPELQHG�ZLWK�WKH�&$'6�GDWDEDVH�DQG�SURFHVVHG�WR�SURYLGH�D

XQLILHG�WLPH�DFWLYLW\�GDWDEDVH�UHSUHVHQWDWLYH�RI�RXWGRRU�FKLOGUHQ���7KHVH�VWXGLHV�DUH

VXPPDUL]HG�LQ�7DEOH�9�����7KH�SRRO�RI�DFWLYLW\�SDWWHUQV�XVHG�WR�UHSUHVHQW�RXWGRRU�FKLOGUHQ�ZDV

EDVHG�RQ�VHOHFWLQJ�FKLOGUHQ�WKDW�PHW�WKH�IROORZLQJ�FRQGLWLRQV�

��� GXULQJ�D��QRQ�VXPPHU��ZHHNGD\�WKH�FKLOG�KDG�DW�OHDVW�RQH�GLDU\�GD\�ZKHUH

KH�VKH�VSHQW�WZR�KRXUV�RU�PRUH�RXWGRRUV��RU

��� GXULQJ�D��QRQ�VXPPHU��ZHHNHQG�WKH�FKLOG�KDG�DW�OHDVW�RQH�GLDU\�GD\�ZKHUH

KH�VKH�VSHQW�WKUHH�KRXUV�RU�PRUH�RXWGRRUV��RU
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�7$%/(�9�����&+$5$&7(5,67,&6�2)�+80$1�$&7,9,7<�678',(6�86('�,1�287'225�:25.(5�(;32685(
$1$/<6,6�

'DWDEDVH�QDPH 5HIHUHQFH &KDUDFWHULVWLFV
RI�VXEMHFWV

1XPEHU�RI
VXEMHFW�
GD\V�LQ
RULJLQDO
VWXG\

1XPEHU�RI
VXEMHFW�GD\V
XVHG�LQ�RXWGRRU
ZRUNHU�31(0
DQDO\VLV

6WXG\
FDOHQGDU
SHULRGV 'LDU\�W\SH

'LDU\�WLPH
SHULRG

%UHDWKLQJ
UDWHV

UHSRUWHG"

&DOLIRUQLD�����
DQG�RYHU

:LOH\�HW�DO��
����E

$JHV����WR��� ���� ��� 2FW��������
-XO\�����

5HWURVSHFWLYH 0LGQLJKW�WR
PLGQLJKW

1R

&LQFLQQDWL -RKQVRQ������ $JHV���WR��� ���� ��� 0DUFK�DQG
$XJXVW�����

5HDO�WLPHD 0LGQLJKW�WR
PLGQLJKW

<HV

'HQYHU -RKQVRQ������ $JHV����WR��� ��� �� 1RY��������
)HE������

5HDO�WLPH ��S�P�WR
���S�P�
�QRPLQDO�

1R

/RV�$QJHOHV��
FRQVWUXFWLRQ

/LQQ�HW�DO��
����

&RQVWUXFWLRQ
ZRUNHUV
�DJHV����WR����

�� �� -XO\���1RY�
����

5HDO�WLPHD 6XEMHFW�ZDNHXS
WR�VXEMHFW�UHWXUQV
KRPH�IURP�ZRUN

<HV

/RV�$QJHOHV��
RXWGRRU�ZRUNHU

6KDPRR�HW�DO��
����

$GXOW�RXWGRRU
ZRUNHUV
�DJHV����WR����

�� �� 6XPPHU����� 5HDO�WLPHD 0LGQLJKW�WR
PLGQLJKW

<HV

9DOGH] *ROGVWHLQ�HW�DO��
����

$JHV����WR��� ��� �� 1RY��������
2FW������

5HWURVSHFWLYH 9DU\LQJ
���K�SHULRG

1R

:DVKLQJWRQ +DUWZHOO�HW�DO��
����

$JHV����WR��� ��� �� 1RY��������
)HE������

5HDO�WLPH ��S�P��WR
���S�P�
�QRPLQDO�

1R

7RWDO ���

D6WXG\�HPSOR\HG�WKH�&LQFLQQDWL�GLDU\�IRUPDW�
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7$%/(�9�����&+$5$&7(5,67,&6�2)�+80$1�$&7,9,7<�678',(6�3529,',1*�'$7$�)25�287'225�&+,/'5(1�(;32685(�$1$/<6,6�

'DWDEDVH�QDPH

5HIHUHQFH &KDUDFWHULVWLFV

RI�VXEMHFWV

1XPEHU�RI

VXEMHFW�

GD\V�LQ�RULJLQDO

VWXG\

1XPEHU�RI

VXEMHFW�GD\V�XVHG

LQ�RXWGRRU

FKLOGUHQ�S1(0

DQDO\VLV

6WXG\

FDOHQGDU

SHULRGV 'LDU\�W\SH

'LDU\�WLPH

SHULRG

%UHDWKLQJ

UDWHV

UHSRUWHG"

&DOLIRUQLD�����

DQG�XQGHU

:LOH\�HW�DO��

����D

&KLOGUHQ�DJHV���WR��� ���� ��� $SULO�������

)HE������

5HWURVSHFWLYH 0LGQLJKW�WR

PLGQLJKW

1R

&DOLIRUQLD�����

DQG�RYHU

:LOH\�HW�DO��

����E

$JHV����WR��� ���� �� 2FW��������

-XO\�����

5HWURVSHFWLYH 0LGQLJKW�WR

PLGQLJKW

1R

&LQFLQQDWL -RKQVRQ������ $JHV���WR��� ���� ��� 0DUFK�DQG

$XJXVW�����

5HDO�WLPH 0LGQLJKW�WR

PLGQLJKW

<HV

/RV�$QJHOHV��

HOHPHQWDU\

VFKRRO

6SLHU�HW�DO��

������/LQQ�HW

DO�������

(OHPHQWDU\�VFKRRO

VWXGHQWV�����WR���

\HDUV

�� �� 2FW������ 5HDO�WLPHD 0LGQLJKW�WR
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���� GXULQJ�D��VXPPHU��ZHHNGD\�RU�ZHHNHQG�WKH�FKLOG�KDG�DW�OHDVW�RQH�GLDU\�GD\

ZKHUH�KH�VKH�VSHQW���{�KRXUV�RU�PRUH�RXWGRRUV�

)RU�WKLV�DQDO\VLV��VXPPHU��ZDV�GHILQHG�DV�-XQH�WKURXJK�$XJXVW�DQG��QRQVXPPHU��DV

DOO�RWKHU�PRQWKV���7KLV�SURFHGXUH�SURGXFHG�D�SRRO�FRQWDLQLQJ�����RXWGRRU�FKLOGUHQ�ZLWK����

SHUVRQ�GD\V�RI�DFWLYLW\�GLDU\�GDWD���2XWGRRU�FKLOGUHQ�LQFOXGHG�LQ�WKH�DQDO\VLV�ZHUH�LQ��

GHPRJUDSKLF�JURXSV��FKLOGUHQ�DJHV���WR������SUHWHHQDJHUV���DQG�FKLOGUHQ�DJHV����WR���

��WHHQDJHUV�����7KH�FLW\�VSHFLILF�SHUFHQWDJHV�RI�RXWGRRU�FKLOGUHQ�ZHUH�GHULYHG�EDVHG�RQ�FLW\�

VSHFLILF������&HQVXV�GDWD�IRU�WKH�WZR�GHPRJUDSKLF�JURXSV�DQG�WKH�SHUFHQWDJHV�RI�RXWGRRU�SUH�

WHHQDJHU�DQG�WHHQDJHU�VXEMHFWV�LQ�WKUHH�RI�WKH�WLPH�DFWLYLW\�VWXGLHV�FRQGXFWHG�LQ�&LQFLQQDWL�DQG

&DOLIRUQLD��-RKQVRQ��������:LOH\�HW�DO�������D�E��WKDW�HPSOR\HG�D�UDQGRP�VHOHFWLRQ�SURFHGXUH

WR�HQUROO�VXEMHFWV���$ERXW����SHUFHQW�RI�SUHWHHQV�DQG����SHUFHQW�RI�WHHQDJHUV�ZHUH�MXGJHG�WR

PHHW�WKH�VHOHFWLRQ�FULWHULD�IRU�RXWGRRU�FKLOGUHQ�

$�GLVWLQFW�((6�LV�GHYHORSHG�IRU�HDFK�FRKRUW���7KH�H[SRVXUH�HYHQW�ZLWKLQ�DQ�((6�LV

GHILQHG�E\�WKH�GLVWULFW��WKH�PLFURHQYLURQPHQW��DQG�WKH�EUHDWKLQJ�UDWH�DVVRFLDWHG�ZLWK�WKH

DFWLYLW\�EHLQJ�XQGHUWDNHQ�E\�WKH�VDPSOHG�LQGLYLGXDO�

7KH�GLVWULFW�LV�GHILQHG�DV�EHLQJ�HLWKHU�WKH�KRPH�RU�ZRUN�GLVWULFW�DVVRFLDWHG�ZLWK�WKH

FRKRUW���)RU�FKLOGUHQ��LW�LV�DVVXPHG�WKDW�WKHLU�VFKRRO�GLVWULFW�LV�WKH�VDPH�DV�WKHLU�KRPH�GLVWULFW��

3RSXODWLRQ�PRYHPHQW�LQ�S1(0�2��LV�EDVHG�XSRQ�LQIRUPDWLRQ�JDWKHUHG�E\�WKH�8�6��&HQVXV

%XUHDX�UHJDUGLQJ�KRXVHKROGHUV
�KRPH�ZRUN�FRPPXWLQJ�SDWWHUQV��%XUHDX�RI�WKH�&HQVXV��������

�7KH�LQIRUPDWLRQ�LQFOXGHV�06$�VSHFLILF�GDWD�RQ�WKH�FHQVXV�WUDFW�OHYHO��ZKLFK�LWVHOI�LV�EDVHG

XSRQ�DFWXDO�ORFDWLRQ�LQIRUPDWLRQ�UHJDUGLQJ�WKH�VDPSOHG�SRSXODWLRQ
V�KRPH�DQG�ZRUNSODFH��

7KLV�FHQVXV�WUDFW�LQIRUPDWLRQ�LV�DJJUHJDWHG�IRU�H[SRVXUH�GLVWULFWV�XVHG�LQ�WKH�S1(0�2�

DQDO\VLV�WR�REWDLQ�GLVWULFW�WR�GLVWULFW�WULS�LQIRUPDWLRQ�IRU�WKRVH�FRKRUWV�WKDW�ZRUN���2WKHUZLVH�

FRKRUWV�DUH�DVVXPHG�WR�VWD\�LQ�WKHLU�KRPH�GLVWULFWV��

7KH�VHYHQ�PLFURHQYLURQPHQWV�XVHG�LQ�DOO�WKUHH�YHUVLRQV�RI�S1(0�DUH�����LQGRRUV�

UHVLGHQFH�ZLWK�D�FHQWUDO�DLU�FRQGLWLRQLQJ�V\VWHP�����LQGRRUV�UHVLGHQFH�ZLWK�ZLQGRZ�DLU

FRQGLWLRQLQJ�XQLWV�����LQGRRUV�UHVLGHQFH�ZLWK�QR�DLU�FRQGLWLRQLQJ�V\VWHP�����LQGRRUV�

QRQUHVLGHQWLDO�ORFDWLRQV�����RXWGRRUV�QHDU�D�URDG�����RXWGRRUV���RWKHU�ORFDWLRQV��DQG����LQ�

YHKLFOH�
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(VWLPDWH�WKH�3ROOXWDQW�&RQFHQWUDWLRQ�DQG�9HQWLODWLRQ�5DWH�$VVRFLDWHG�:LWK�(DFK

([SRVXUH�(YHQW���3ROOXWDQW�FRQFHQWUDWLRQV�DVVRFLDWHG�ZLWK�HDFK�H[SRVXUH�HYHQW�GHSHQG�RQ�WKH

2��DLU�TXDOLW\�ZLWKLQ�HDFK�H[SRVXUH�GLVWULFW��ZKLFK�LV�HVWLPDWHG�XVLQJ�DPELHQW�GDWD�IURP

PRQLWRULQJ�VLWHV�LQ�HDFK�H[SRVXUH�GLVWULFW��DQG�WKH�PLFURHQYLURQPHQW�ZKHUH�WKH�HYHQW�RFFXUUHG�

�7KH�JHQHUDO�SRSXODWLRQ��RXWGRRU�ZRUNHU��DQG�RXWGRRU�FKLOGUHQ�YHUVLRQV�RI�S1(0�2��H[DPLQH

QLQH�DLU�TXDOLW\�VFHQDULRV���$OO�RI�WKH�UHJXODWRU\�VFHQDULRV�DUH�RQ�D�GDLO\�PD[LPXP�EDVLV�ZLWK

HLWKHU���RU���H[SHFWHG�H[FHHGDQFHV�DOORZHG�SHU�\HDU���7KH�VFHQDULRV��DQG�D�VKRUW�KDQG�ODEHO�IRU

HDFK�OLVWHG�LQ�SDUHQWKHVHV��DUH�

��� �����RU������DLU�TXDOLW\��WKH��DV�LV��RU�EDVHOLQH�VFHQDULR��$V�,V��

��� -XVW�DWWDLQLQJ�D���KU�������SSP����H[SHFWHG�H[FHHGDQFH�VWDQGDUG��WKH�FXUUHQW

VWDQGDUG���+�(;�������

��� -XVW�DWWDLQLQJ�D���KU�������SSP����H[SHFWHG�H[FHHGDQFH�VWDQGDUG���+�(;�������

��� -XVW�DWWDLQLQJ�DQ���KU�������SSP����H[SHFWHG�H[FHHGDQFH�VWDQGDUG���+�(;�

������

��� -XVW�DWWDLQLQJ�DQ���KU�������SSP����H[SHFWHG�H[FHHGDQFH�VWDQGDUG���+�(;�

������

��� -XVW�DWWDLQLQJ�DQ���KU�������SSP����H[SHFWHG�H[FHHGDQFH�VWDQGDUG���+�(;�

������

��� -XVW�DWWDLQLQJ�DQ���KU�������SSP����H[SHFWHG�H[FHHGDQFH�VWDQGDUG���+�(;�

������

��� -XVW�DWWDLQLQJ�DQ���KU�������SSP����H[SHFWHG�H[FHHGDQFHV�VWDQGDUG���+�(;�

�������DQG

��� -XVW�DWWDLQLQJ�DQ���KU�������SSP����H[SHFWHG�H[FHHGDQFHV�VWDQGDUG���+�(;�

������

)RU�DOO�RI�WKH�LQGRRU�DQG�LQ�YHKLFOH�PLFURHQYLURQPHQWV�WKH�VHDVRQ�ORQJ�VHTXHQFH�RI

KRXUO\�2��YDOXHV�LV�HVWLPDWHG�XVLQJ�D�PDVV�EDODQFH�DOJRULWKP���7KH�PDVV�EDODQFH�PRGHO�XVHG�LQ

S1(0�2��LV�D�VLPSOLILHG�YHUVLRQ�RI�WKH�JHQHUDOL]HG�1DJGD��5HFWRU��DQG�.RRQW]�PRGHO��1DJGD

HW�DO�����������7KLV�PRGHO�ZDV�UHYLVHG�WR�LQFRUSRUDWH�WKH�DVVXPSWLRQ�WKDW�LQGRRU�GHFD\�UDWH�LV

SURSRUWLRQDO�WR�LQGRRU�2��FRQFHQWUDWLRQ���7KLV�DOJRULWKP�HVWLPDWHV�WKH�KRXUO\�DYHUDJH�LQGRRU

2��FRQFHQWUDWLRQV�GXULQJ�KRXU�K�DV�D�IXQFWLRQ�RI���LQGRRU�2��FRQFHQWUDWLRQ�DW�WKH�HQG�RI�WKH
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SUHFHGLQJ�KRXU��WKH�RXWGRRU�2��FRQFHQWUDWLRQ�GXULQJ�KRXU�K��DLU�H[FKDQJH�UDWH�GXULQJ�KRXU�K�

DQG�DQ�2��GHFD\�UDWH���9DOXHV�IRU�WKH�DLU�H[FKDQJH�UDWH�DQG�WKH�2��GHFD\�IDFWRU�DUH�VDPSOHG

IURP�DQ�DSSURSULDWH�GLVWULEXWLRQ��EDVHG�RQ�WKH�DYDLODEOH�VFLHQWLILF�OLWHUDWXUH�RQ�WKHVH

SDUDPHWHUV��RQ�D�GDLO\�EDVLV���$LU�H[FKDQJH�UDWH�LV�SHUPLWWHG�WR�FKDQJH�KRXUO\�LQ�WKH�WKUHH

UHVLGHQWLDO�PLFURHQYLURQPHQWV�GHSHQGLQJ�RQ�ZKHWKHU�ZLQGRZV�DUH�DVVLJQHG�D�VWDWXV�RI�RSHQ�RU

FORVHG���7KLV�DVVLJQPHQW�LV�GHWHUPLQHG�WKURXJK�XVH�RI�D�SUREDELOLVWLF�PRGHO�LQ�ZKLFK�WKH�VWDWXV

GXULQJ�HDFK�FORFN�KRXU�LV�DVVXPHG�WR�EH�D�IXQFWLRQ�RI�DLU�FRQGLWLRQLQJ�V\VWHP�WHPSHUDWXUH

UDQJH�DQG�ZLQGRZ�VWDWXV�GXULQJ�WKH�SUHYLRXV�FORFN�KRXU���,Q�HDFK�RI�WKH�S1(0�2��VLPXODWLRQV�

WKH�2��FRQFHQWUDWLRQ�LQ�D�SDUWLFXODU�PLFURHQYLURQPHQW�GXULQJ�D�SDUWLFXODU�FORFN�KRXU�LV

DVVXPHG�WR�EH�FRQVWDQW�

)RU�WKH�WZR�RXWGRRU�PLFURHQYLURQPHQWV�DQG�DV�DQ�LQSXW�WR�WKH�PDVV�EDODQFH�DOJRULWKP

IRU�WKH�LQGRRU�DQG�LQ�YHKLFOH�PLFURHQYLURQPHQWV��UHSUHVHQWDWLYH�DPELHQW�DLU�TXDOLW\�GDWD�LV

UHTXLUHG�IRU�HDFK�GLVWULFW�LQ�WKH�IRUP�RI�D�WLPH�VHULHV�RI�KRXUO\�YDOXHV�IRU�WKH�VSHFLILHG�2�

VHDVRQ���7KH�RXWGRRU�2��FRQFHQWUDWLRQ�DVVRFLDWHG�ZLWK�PLFURHQYLURQPHQW�P�LQ�GLVWULFW�G�GXULQJ

KRXU�K�ZDV�GHWHUPLQHG�E\�DQ�H[SUHVVLRQ�KDYLQJ�WKH�JHQHUDO�IRUP

&RXW��P�G�W�V�� �������[�&PRQ��G�W�V����H��W�� �HTXDWLRQ�9���

ZKHUH�&RXW��P�G�W�V��LV�WKH�RXWGRRU��RU�DPELHQW��2��FRQFHQWUDWLRQ�LQ�PLFURHQYLURQPHQW�P�LQ

H[SRVXUH�GLVWULFW�G�DW�WLPH�W�XQGHU�UHJXODWRU\�VFHQDULR�V��&PRQ��G�W�V��LV�WKH�2��FRQFHQWUDWLRQ

HVWLPDWHG�WR�RFFXU�DW�WKH�PRQLWRU�UHSUHVHQWLQJ�GLVWULFW�G�DW�WLPH�W�XQGHU�UHJXODWRU\�VFHQDULR�V�

DQG�H��W��LV�D�UDQGRP�QRUPDO�YDULDEOH�ZLWK�PHDQ� ���DQG�VWDQGDUG�GHYLDWLRQ� ��������SSP��

7KH�IDFWRU�RI�������DQG�WKH�YDOXH�RI�WKH�VWDQGDUG�GHYLDWLRQ�IRU�H��W��ZHUH�GHULYHG�EDVHG�RQ

UHJUHVVLRQ�DQDO\VHV�UHODWLQJ�SHUVRQDO�H[SRVXUH�GDWD�DQG�IL[HG�VLWH�PRQLWRUV�REWDLQHG�IURP�WKH

+RXVWRQ�$VWKPDWLF�2[LGDQW�6WXG\��6WRFN�HW�DO�����������7KH�GHULYDWLRQ�RI�WKHVH�SDUDPHWHUV�LV

GHVFULEHG�LQ�PRUH�GHWDLO�LQ�&KDSWHU���RI�-RKQVRQ�HW�DO�������E�F��

7R�UHSUHVHQW�DPELHQW�2��DLU�TXDOLW\�FRQFHQWUDWLRQV�LQ�WKH�QLQH�XUEDQ�DUHDV��PRQLWRUHG

YDOXHV�DUH�DGMXVWHG�PDWKHPDWLFDOO\�WR�UHSUHVHQW�D�IXWXUH�UHJXODWRU\�VFHQDULR��V��ZKHQ�DLU

TXDOLW\�LQ�WKH�VWXG\�DUHD�MXVW�PHHWV�WKH�2��1$$46�EHLQJ�DQDO\]HG���,W�VKRXOG�EH�UHFRJQL]HG

WKDW�ZH�DUH�QRW�FRQFHUQHG�LQ�RXU�H[SRVXUH�DQDO\VHV�DERXW�KRZ�RU�ZKHQ�DQ�DOWHUQDWLYH�2�

1$$46�LV�DWWDLQHG��7KDW�LV�WKH�FRQFHUQ�RI�RWKHU�DQDO\VHV�ZKLFK�2$436�DQG�RWKHU�(3$

RIILFHV�XQGHUWDNH��HVSHFLDOO\�WKH�UHJXODWRU\�DQG�EHQHILWV�DQDO\VHV���)RU�WKH�2��H[SRVXUH



��

DQDO\VHV�FRQGXFWHG�WR�VXSSRUW�GHFLVLRQV�RQ�WKH�1$$46��LW�LV�VXIILFLHQW�WR�VLPXODWH�WKH�MXVW�

DWWDLQLQJ�VLWXDWLRQ�ZLWKRXW�EHLQJ�FRQFHUQHG�DERXW�KRZ��ZKHQ��RU�HYHQ�LI�WKDW�VLWXDWLRQ�ZLOO

RFFXU�

%\�GHILQLWLRQ��D�1$$46�LV�DWWDLQHG�ZKHQ�DOO�PRQLWRUV�LQ�DQ�DUHD�KDYH�OHVV�WKDQ�RQH��RU

ILYH�IRU�VRPH�RI�WKH�DOWHUQDWLYH���KU�VWDQGDUGV�DQDO\]HG��H[SHFWHG�H[FHHGDQFH�RI�WKH�VWDQGDUG

FRQFHQWUDWLRQ�YDOXH��H�J��������SSP�IRU�WKH�FXUUHQW���KU�VWDQGDUG��LQ�D�\HDU���7KH�H[SRVXUH

DQDO\VLV�LV�EDVHG�RQ�D��MXVW�DWWDLQV��VFHQDULR��ZKHUH�DLU�TXDOLW\�OHYHOV�DW�WKH�PRQLWRU�FXUUHQWO\

KDYLQJ�WKH�KLJKHVW�QXPEHU�RI�H[SHFWHG�H[FHHGDQFHV�DUH�UHGXFHG�PDWKHPDWLFDOO\�WR�ZKHUH�WKDW

PRQLWRU�MXVW�DWWDLQV�WKH�VWDQGDUG�EHLQJ�DQDO\]HG���7KH�DGMXVWPHQW�SURFHGXUH�XVHG�IRU�VL[�RI�WKH

QLQH�XUEDQ�DUHDV�LV�FRPSOH[�DQG�QRQOLQHDU����)RU�LQVWDQFH��SHDN�KRXUO\�FRQFHQWUDWLRQV�DUH

DGMXVWHG�PRUH����DEVROXWHO\�DQG�UHODWLYHO\����WKDQ�WKRVH�QHDU�WKH�PHDQ�RI�WKH��DV�LV�

GLVWULEXWLRQ����,W�XWLOL]HV�UHJUHVVLRQ�DQDO\VHV�RI�SDUDPHWHUV�RI�WKH�:HLEXOO�GLVWULEXWLRQ�ILW�WR

HDFK�YDOLG�PRQLWRU�LQ�WKH�XUEDQ�DUHD�

7KH�DGMXVWPHQW�SURFHGXUHV�ZHUH�GHYHORSHG�E\�FRPSDULQJ�WKH�2��GDWD�UHSRUWHG�E\�D�VLWH

LQ�D�KLJK�\HDU�ZLWK�2��GDWD�UHSRUWHG�E\�WKH�VDPH�VLWH�LQ�D�ORZ�2��\HDU���7KHUHIRUH��WKHVH

SURFHGXUHV�DUH�H[SHFWHG�WR�SHUIRUP�EHVW�ZKHQ�XVHG�WR�VLPXODWH�D�VLJQLILFDQW�UHGXFWLRQ�LQ�WKH�2�

OHYHOV�DW�D�VLWH���7KHVH�SURFHGXUHV�PD\�SURGXFH�XQUHDOLVWLF�GDWD�VHWV�IRU�DUHDV�WKDW�LQYROYH

HLWKHU�D�VPDOO�UHGXFWLRQ�RU�DQ�LQFUHDVH�LQ�2��OHYHOV�WR�VLPXODWH�MXVW�DWWDLQLQJ�FHUWDLQ�UHJXODWRU\

VFHQDULRV���7KHUHIRUH��IRU�WKUHH�RI�WKH�XUEDQ�DUHDV��DOO�UHJXODWRU\�VFHQDULRV�IRU�0LDPL��'HQYHU�

DQG�&KLFDJR��D�VLPSOHU�DGMXVWPHQW�SURFHGXUH�LQYROYLQJ�SURSRUWLRQDO�UROOEDFN��RU�UROOXS�LQ

VRPH�FDVHV��ZDV�XVHG�EHFDXVH�WKH�GHVLJQ�YDOXHV�IRU�WKH�EDVHOLQH�\HDU��L�H��������RU�������ZHUH

UHODWLYHO\�FORVH�WR�RU��LQ�VRPH�FDVHV��HYHQ�EHORZ�WKH�OHYHOV�UHTXLUHG�WR�MXVW�DWWDLQ�WKH�DOWHUQDWLYH

VWDQGDUGV�EHLQJ�H[DPLQHG���)RU�PRUH�LQIRUPDWLRQ�UHJDUGLQJ�WKH�DLU�TXDOLW\�DGMXVWPHQW

SURFHGXUH�XVHG�WR�VLPXODWH�D�MXVW�DWWDLQLQJ�VLWXDWLRQ�VHH�&KDSWHU���LQ�-RKQVRQ�HW�DO�������E�F��

$Q�DQDO\VLV�HYDOXDWLQJ�WKH�DLU�TXDOLW\�DGMXVWPHQW�SURFHGXUH�XVHG�WR�VLPXODWH�DWWDLQPHQW

FRQGLWLRQV�ZDV�UHFHQWO\�FRPSOHWHG��-RKQVRQ����������7KLV�DQDO\VLV�H[DPLQHG�VL[�RI�WKH�QLQH

XUEDQ�DUHDV��&KLFDJR��:DVKLQJWRQ��'�&���+RXVWRQ��/RV�$QJHOHV��1HZ�<RUN��DQG

3KLODGHOSKLD����2��OHYHOV�IRU�WKH�EDVHOLQH���DV�LV���\HDU�XVHG�LQ�WKH�S1(0�DQDO\VHV��HLWKHU�����

RU�������ZHUH�DGMXVWHG�XVLQJ�WKH�VDPH�SURFHGXUHV�DV�LQ�WKH�S1(0�DQDO\VHV�WR�MXVW�PHHW�WKH�

OHYHOV�LQ�D��ORZHU���\HDU��XVLQJ�GDWD�IURP�WKH������WR������WLPH�SHULRG����&RPSDULVRQV�ZHUH
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WKHQ�PDGH�EHWZHHQ�WKH�DGMXVWHG�GDWD�VHW�DQG�WKH�REVHUYHG�GDWD�VHW�IRU�WKH��ORZHU��\HDU�IRU�HDFK

VLWH�LQ�WKHVH�VL[�XUEDQ�DUHDV�DW�YDULRXV�FXWSRLQWV�RI�WKH���KU�DQG���KU�DLU�TXDOLW\�GLVWULEXWLRQV

�����������������������������SHUFHQWLOHV��DQG�VL[WK�ODUJHVW�YDOXH��VHFRQG�ODUJHVW�YDOXH��DQG

ODUJHVW�YDOXH����7KH�FRQFOXVLRQ�ZDV�WKDW��WKH�DLU�TXDOLW\�DGMXVWPHQW�SURFHGXUHV�SHUIRUP

DGHTXDWHO\�LQ�WKH�XSSHU�WDLO�UHJLRQ����WK�SHUFHQWLOH�DQG�DERYH��RI�WKH�GLVWULEXWLRQ��WKH�UHJLRQ

WKDW�GHWHUPLQHV�WKH�2��H[SRVXUHV�RI�PRVW�FRQFHUQ�LQ�S1(0��DQDO\VHV���-RKQVRQ����������7KH

DGMXVWPHQW�SURFHGXUHV�WHQGHG�WR�RYHUHVWLPDWH���KU�2��FRQFHQWUDWLRQV�DURXQG�WKH���WK

SHUFHQWLOH��KRZHYHU��EHFDXVH�2��GDWD�IROORZV�D�VNHZHG�GLVWULEXWLRQ��WKH�PLGUDQJH�YDOXH�LV

W\SLFDOO\�FORVHU�WR�WKH���WK�SHUFHQWLOH�WKDQ�WKH���WK�SHUFHQWLOH���7KLV�OLPLWHG�HYDOXDWLRQ

LQGLFDWHV�WKDW�WKH�DLU�TXDOLW\�DGMXVWPHQW�SURFHGXUHV�XVHG�LQ�S1(0�2��GR�UHDVRQDEO\�PLPLF

FKDQJHV�LQ�2��OHYHOV�WKDW�KDYH�RFFXUUHG�LQ�WKH�SDVW�LQ�WKH�VL[�XUEDQ�DUHDV�HYDOXDWHG���7KLV�GRHV

QRW�JXDUDQWHH�WKDW�WKH�DGMXVWPHQW�SURFHGXUH�ZLOO�DFFXUDWHO\�UHIOHFW�IXWXUH�FKDQJHV�ZKLFK

GHSHQG�RQ�VHYHUDO�YDULDEOHV�LQFOXGLQJ�KRZ�FRQWUROV�LQIOXHQFH�WKH�92&�12[�UDWLR��VSDWLDO

SDWWHUQV�RI�JURZWK��DQG�WUDQVSRUW�RI�SROOXWDQWV�IURP�RWKHU�XUEDQ�DUHDV��

%HFDXVH�GRVH�UHFHLYHG�E\�D�SHUVRQ�H[SRVHG�WR�DQ�DLU�SROOXWDQW�LV�KLJKO\�GHSHQGHQW�XSRQ

YHQWLODWLRQ�UDWH��H[HUWLRQ�OHYHO�LV�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�LQ�H[SRVXUH�PRGHOLQJ���7KH

H[SRVXUH�PRGHO�LQFOXGHV�DQ�DOJRULWKP�WKDW�DVVLJQV�WKH�HTXLYDOHQW�YHQWLODWLRQ�UDWH��(95�

DVVRFLDWHG�ZLWK�HDFK�H[SRVXUH�HYHQW���&OLQLFDO�UHVHDUFK�E\�(3$�VXJJHVWV�WKDW�WKHUH�LV�OHVV

YDULDELOLW\�LQ�(95�WKDQ�LQ�YHQWLODWLRQ�UDWH�IRU�D�JLYHQ�OHYHO�RI�H[HUWLRQ���7KH�RXWGRRU�FKLOGUHQ

YHUVLRQ�RI�S1(0�2��HPSOR\V�DQ�(95�JHQHUDWRU�PRGXOH�WKDW�XVHV�RQH�RI�IRXU�0RQWH�&DUOR

PRGHOV�WR�JHQHUDWH�DQ�(95�YDOXH�IRU�HDFK�H[SRVXUH�HYHQW�DVVRFLDWHG�ZLWK�D�JLYHQ�FRKRUW���7KH

0RQWH�&DUOR�PRGHOV�ZHUH�GHYHORSHG�WKURXJK�DQ�DQDO\VLV�RI�GDWD�IURP�WZR�VWXGLHV�WKDW

PHDVXUHG�KHDUW�UDWH�RI�HOHPHQWDU\�DQG�KLJK�VFKRRO�VWXGHQWV�ZKLOH�HQJDJHG�LQ�YDULRXV�W\SLFDO

GDLO\�DFWLYLWLHV��6SLHU�HW�DO���������/LQQ�HW�DO�����������7KHVH�VWXGLHV�WKHQ�PHDVXUHG�KHDUW�UDWH

DQG�YHQWLODWLRQ�UDWHV�VLPXOWDQHRXVO\�LQ�D�FOLQLFDO�VHWWLQJ�WR�REWDLQ�D��FDOLEUDWLRQ�FXUYH��IRU�HDFK

VXEMHFW�UHODWLQJ�KHDUW�UDWH�WR�YHQWLODWLRQ�UDWH�RQ�D�PLQXWH�E\�PLQXWH�EDVLV���$�UHJUHVVLRQ

DQDO\VLV�ZDV�DSSOLHG�WR�WKH�6SLHU�DQG�/LQQ�GDWD�EDVHV�WR�UHODWH�YDULRXV�SUHGLFWRU�YDULDEOHV

FRQWDLQHG�LQ�WKH�GLDU\�GDWD��H�J���GD\WLPH�DFWLYLWLHV��GD\�RI�ZHHN��EUHDWKLQJ�UDWH��WKDW�ZHUH

FRQVLGHUHG�OLNHO\�WR�LQIOXHQFH�WKH�(95�YDOXHV��

7KH�(95�JHQHUDWRU�PRGXOH�DOVR�FRQWDLQHG�DQ�DOJRULWKP�ZKLFK�HVWDEOLVKHG�DQ�XSSHU
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OLPLW�IRU�WKH�(95�YDOXH�DVVLJQHG�WR�HDFK�H[SRVXUH�HYHQW���7KLV�OLPLW�ZDV�VHW�DW�D�OHYHO

HVWLPDWHG�WR�EH�DFKLHYDEOH�E\�PHPEHUV�RI�WKH�FRKRUW�ZKR�����H[HUFLVHG�UHJXODUO\������ZHUH

PRWLYDWHG�WR�DWWDLQ�KLJK�H[HUWLRQ�OHYHOV��DQG�����ZHUH�QRW�SURIHVVLRQDO�DWKOHWHV���,QGLYLGXDOV

HQJDJHG�LQ�DPDWHXU�VSRUWV��H�J���MRJJLQJ��WHQQLV��ZRXOG�EH�LQFOXGHG��EXW�SURIHVVLRQDO�DWKOHWHV

ZRXOG�QRW�EH�LQFOXGHG���7KH�(95�OLPLW�ZDV�GHULYHG�EDVHG�RQ�D�VXEVHW�RI�WKH�VSHFLILHG�FRKRUW

�H�J���GDWD�IURP�PDOHV�DJHG����ZHUH�XVHG�IRU�WKH�SUHWHHQ�JURXS�DJHG������DQG�GDWD�IURP�PDOHV

DJHG����ZHUH�XVHG�IRU�WKH�WHHQDJH�JURXS�DJHG��������DQG�DSSOLHG�WR�WKH�DOO�PHPEHUV�RI�WKH

GHPRJUDSKLF�JURXS��HLWKHU�SUHWHHQV�RU�WHHQDJHUV����%HFDXVH�WKH�VHOHFWHG�VXEVHW�XVHG�LQ�HDFK

FDVH�LV�OLNHO\�WR�EH�KLJKHU�WKDQ�WKH�DYHUDJH�(95�OLPLW�IRU�HDFK�GHPRJUDSKLF�JURXS��WKH

S1(0�2��VLPXODWLRQ�ZLOO�WHQG�WR�RYHUSUHGLFW�WKH�RFFXUUHQFH�RI�KLJK�(95�YDOXHV�ZLWKLQ�HDFK

GHPRJUDSKLF�JURXS�

([WUDSRODWH�WKH�&RKRUW�([SRVXUHV�WR�WKH�3RSXODWLRQ�RI�,QWHUHVW���7KH�FRKRUW�VSHFLILF

H[SRVXUH�HVWLPDWHV�ZHUH�H[WUDSRODWHG�WR�WKH�JHQHUDO�SRSXODWLRQ��RXWGRRU�FKLOGUHQ��DQG�RXWGRRU

ZRUNHUV�E\�HVWLPDWLQJ�WKH�VL]H�RI�HDFK�FRKRUW�EDVHG�RQ������%XUHDX�RI�&HQVXV��%XUHDX�RI

&HQVXV��������GDWD�ILOHV�WKDW�OLVW�SRSXODWLRQ�GDWD�IRU�DJH�JURXSV�E\�FHQVXV�XQLW���7KH�SRSXODWLRQ

LQ�HDFK�FHQVXV�XQLW�ZDV�PXOWLSOLHG�E\�DQ�DLU�FRQGLWLRQLQJ�IUDFWLRQ��EDVHG�RQ������%XUHDX�RI

&HQVXV�GDWD��LQ�WKH�VSHFLILF�FHQVXV�XQLW�WR�SURYLGH�DQ�HVWLPDWH�RI�WKH�QXPEHU�RI�RXWGRRU

FKLOGUHQ��RU�RXWGRRU�ZRUNHUV��LQ�HDFK�DLU�FRQGLWLRQLQJ�FDWHJRU\���7KHVH�DLU�FRQGLWLRQLQJ

VSHFLILF�YDOXHV�ZHUH�WKHQ�VXPPHG�RYHU�HDFK�H[SRVXUH�GLVWULFW�WR�GHULYH�HVWLPDWHV�IRU�WKH�HQWLUH

VWXG\�DUHD�

�� 3RSXODWLRQ�([SRVXUH�(VWLPDWHV�8SRQ�$WWDLQPHQW�RI�$OWHUQDWLYH�2]RQH

6WDQGDUGV

7KH�S1(0�2��FRQWDLQV�D�ODUJH�QXPEHU�RI�VWRFKDVWLF�YDULDEOHV�DQG��WKHUHIRUH��H[SRVXUH

HVWLPDWHV�ZLOO�YDU\�IURP�UXQ�WR�UXQ���)RU�WKH�JHQHUDO�SRSXODWLRQ��RXWGRRU�ZRUNHU��DQG�RXWGRRU

FKLOGUHQ�H[SRVXUH�DQDO\VHV�����VLPXODWLRQV�RI�S1(0�ZHUH�GRQH�IRU�HDFK�UHJXODWRU\�VFHQDULR�LQ

HDFK�RI�WKH���XUEDQ�DUHDV�WR�EHWWHU�FKDUDFWHUL]H�WKH�XQFHUWDLQW\�LQ�WKH�H[SRVXUH�HVWLPDWHV��

%DVHG�RQ�D�SUHYLRXV�DQDO\VLV�RI�VHWV�RI����UXQ�UHVXOWV�YHUVXV�D�����UXQ�UHVXOW��0F&XUG\

�����E��KDV�VKRZQ�WKDW�UHVXOWV�IURP�RQO\����UXQV�RI�WKH�PRGHO�DGHTXDWHO\�SUHGLFW�WKH�PHDQ�DQG

YDULDQFH�REVHUYHG�LQ�����RU�PRUH�UXQV�RI�S1(0�2����$GGLWLRQDO�UXQV�RI�WKH�PRGHO�ZRXOG�

KRZHYHU��LQFUHDVH�WKH�UDQJH�RI�SRVVLEOH�RXWFRPHV��EXW�OLPLWHG�UHVRXUFHV�SUHFOXGH�XQGHUWDNLQJ
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PRUH�UXQV�

� ,Q�DQ\�S1(0�DQDO\VLV��VHYHUDO�GLIIHUHQW�LQGLFDWRUV�DUH�XVHG�WR�HVWLPDWH�H[SRVXUH�RI

SHRSOH�WR�YDULRXV�OHYHOV�RI�DLU�SROOXWLRQ���2QH�LQGLFDWRU�RI�SRSXODWLRQ�H[SRVXUH�LV��SHRSOH�

H[SRVHG����7KLV�LV�VLPSO\�WKH�QXPEHU�RI�SHRSOH�ZKR�H[SHULHQFH�D�JLYHQ�OHYHO�RI�DLU�SROOXWLRQ�

RU�KLJKHU��DW�OHDVW�RQH�WLPH�GXULQJ�WKH�WLPH�SHULRG�RI�DQDO\VLV���$QRWKHU�LQGLFDWRU�LV

�RFFXUUHQFHV�RI�H[SRVXUH����WKH�QXPEHU�RI�WLPHV�D�JLYHQ�OHYHO�RI�SROOXWLRQ�LV�H[SHULHQFHG�E\

WKH�SRSXODWLRQ�RI�LQWHUHVW�

7KH�H[SRVXUH�PRGHO�SURYLGHV�H[SRVXUH�HVWLPDWHV�LQ�WHUPV�RI�ERWK�KLJKHVW

FRQFHQWUDWLRQV��H[SRVXUHV��RU�KLJKHVW�GRVH���7KH�H[SRVXUH�HVWLPDWHV�VXPPDUL]HG�KHUH�SHUWDLQ

WR��GDLO\�PD[LPXP�GRVH��0$;'����ZKHUH�GRVH�LV�GHILQHG�DV�WKH�SURGXFW�RI�2��FRQFHQWUDWLRQ

DQG�YHQWLODWLRQ�UDWH�RYHU�D�GHILQHG�SHULRG���7KH�GDLO\�PD[LPXP�GRVH�GRHV�QRW�QHFHVVDULO\

RFFXU�GXULQJ�WKH�WLPH�SHULRG�RI�PD[LPXP�2��FRQFHQWUDWLRQ�LQ�D�JLYHQ�XUEDQ�DUHD���7KH�GDLO\

PD[LPXP�GRVH�LQGLFDWRU�ZDV�VHOHFWHG�EHFDXVH�LW�LV�D�EHWWHU�VXUURJDWH�IRU�WKH�QXPEHU�RI�2�

PROHFXOHV�WKDW�HQWHU�WKH�RUDO�QDVDO�FDYLWLHV�SHU�XQLW�WLPH�SHULRG��DQG�WKHUHIRUH��LV�PRUH�OLNHO\�WR

EH�PRUH�UHOHYDQW�IURP�D�KHDOWK�ULVN�YLHZSRLQW�WKDQ�PD[LPXP�H[SRVXUH��

,W�VKRXOG�EH�VWUHVVHG�WKDW�WKH�H[SRVXUH�PRGHO�SURGXFHV�H[SRVXUH�HVWLPDWHV�IRU�WKH�HQWLUH

UDQJH�RI�FRQFHQWUDWLRQV�DQG�WKDW�WKH�KHDOWK�ULVN�DVVHVVPHQW��GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ�

PDNHV�XVH�RI�DOO�H[SRVXUHV�DW�D�JLYHQ�H[HUWLRQ�OHYHO�WKDW�H[FHHG�DQ�HVWLPDWHG�EDFNJURXQG�OHYHO

RI������SSP���)LJXUH�9���VKRZV�WKH�H[SRVXUH�GLVWULEXWLRQV�IRU�RXWGRRU�FKLOGUHQ�OLYLQJ�LQ�WKH

3KLODGHOSKLD�DUHD�H[SHULHQFLQJ�GDLO\�PD[LPXP�GRVH���KU�H[SRVXUHV�RQ�RQH�RU�PRUH�GD\V�ZKLOH

HQJDJHG�LQ�PRGHUDWH�H[HUWLRQ��(95�LQ�WKH�UDQJH�������O�PLQ�P����$WWDLQLQJ�DQ\�RI�WKH

DOWHUQDWLYH�VWDQGDUGV�UHGXFHV�WKH�QXPEHU�RI�FKLOGUHQ�H[SHULHQFLQJ�GDLO\�PD[LPXP�GRVH���KU

H[SRVXUHV�H[FHHGLQJ�����SSP�WR�OHVV�WKDQ�������SHUVRQV���$W�WKH������SSP�OHYHO�WKH�QXPEHU�RI

FKLOGUHQ�HVWLPDWHG�WR�EH�H[SRVHG�UDQJHV�IURP�QHDU���IRU�WKH������SSP����H[SHFWHG�H[FHHGDQFH�

��KU�VWDQGDUG���+�(;�������WR�DERXW��������FKLOGUHQ�IRU�WKH������SSP����H[SHFWHG

H[FHHGDQFH����KU�VWDQGDUG���+�(;���������$QG�DW�WKH������SSP�OHYHO�WKH�QXPEHU�RI�FKLOGUHQ

HVWLPDWHG�WR�EH�H[SRVHG�XQGHU�PRGHUDWH�H[HUWLRQ�IRU�DQ���KU�DYHUDJH
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UDQJHV�IURP�DERXW��������XQGHU�WKH��+�(;������VWDQGDUG�WR�DERXW���������IRU�WKH��+�(;���

����VWDQGDUG���$QRWKHU�H[SRVXUH�LQGLFDWRU�RI�LQWHUHVW�LV�WKH�WRWDO�QXPEHU�RI�SHUVRQ�RFFXUUHQFHV

DW�YDULRXV�FRQFHQWUDWLRQ�OHYHOV���)LJXUH�9���GLVSOD\V�WKH�SHUVRQ�RFFXUUHQFHV�IRU�RXWGRRU

FKLOGUHQ�H[SHULHQFLQJ�GDLO\�PD[LPXP�GRVH���KU�H[SRVXUHV�ZKLOH�HQJDJHG�LQ�PRGHUDWH�H[HUWLRQ

LQ�3KLODGHOSKLD���,W�LV�HVWLPDWHG�WKDW�WKHUH�DUH�URXJKO\����PLOOLRQ�SHUVRQ�RFFXUUHQFHV�RI�RXWGRRU

FKLOGUHQ�HQJDJHG�LQ�PRGHUDWH�H[HUWLRQ�IRU�DQ���KU�DYHUDJLQJ�WLPH�LQ�3KLODGHOSKLD�RYHU�WKH���

PRQWK�2��VHDVRQ���$WWDLQLQJ�DQ\�RI�WKH�DOWHUQDWLYH�VWDQGDUGV�UHGXFHV�WRWDO�SHUVRQ�RFFXUUHQFHV

H[FHHGLQJ������SSP�WR�OHVV�WKDQ�����PLOOLRQ���2QH�FDQ�FDOFXODWH�DQ�DYHUDJH�QXPEHU�RI

H[SRVXUHV�SHU�SHUVRQ�WR�D�JLYHQ�OHYHO�E\�GLYLGLQJ�WKH�WRWDO�SHUVRQ�RFFXUUHQFHV�DW�D�JLYHQ�2�

OHYHO�E\�WKH�QXPEHU�RI�FKLOGUHQ�H[SHULHQFLQJ�D�JLYHQ�OHYHO�RQH�RU�PRUH�WLPHV�SHU�VHDVRQ���)RU

H[SRVXUHV�H[FHHGLQJ������SSP��WKH�DYHUDJH�QXPEHU�RI�RFFXUUHQFHV�SHU�SHUVRQ�IRU�WKH

DOWHUQDWLYH�VWDQGDUGV�DQDO\]HG�UDQJHV�IURP�DERXW�����WR�����)RU�H[SRVXUHV�DW�RU�DERYH�����

SSP�WKH�DYHUDJH�QXPEHU�RI�RFFXUUHQFHV�SHU�SHUVRQ�GURSV�WR�D�UDQJH�RI�����WR��������6LPLODU

ILJXUHV�VKRZLQJ�SHUVRQV�DQG�SHUVRQ�RFFXUUHQFHV�RXWGRRU�FKLOGUHQ�OLYLQJ�LQ�WKUHH�RWKHU�XUEDQ

DUHDV��+RXVWRQ��:DVKLQJWRQ��'�&���DQG�1HZ�<RUN��DUH�LQFOXGHG�LQ�$SSHQGL[�%�

7DEOHV��9����DQG�9����SURYLGH�VXPPDU\�H[SRVXUH�HVWLPDWHV�IRU�WKH�3KLODGHOSKLD�VWXG\

DUHD�IRU�RXWGRRU�FKLOGUHQ�IRU���SDUWLFXODU�H[SRVXUH�LQGLFDWRUV���6LPLODU�WDEOHV�DUH�DYDLODEOH�IRU

RXWGRRU�FKLOGUHQ��RXWGRRU�ZRUNHUV��DQG�WKH�JHQHUDO�SRSXODWLRQ�IRU�WKH���XUEDQ�DUHDV�LQ�WKH

H[SRVXUH�VXSSRUW�GRFXPHQWV�FLWHG�DW�WKH�EHJLQQLQJ�RI�WKLV�VHFWLRQ���7DEOH�9����LV�IRU���KU

0$;'�H[SRVXUH�HVWLPDWHV�ZKHUH�WKH�2��FRQFHQWUDWLRQ�H[FHHGHG������SSP�DQG�(95�HTXDOHG

RU�H[FHHGHG����O�PLQ�P����ZKLOH�7DEOH�9����LV�IRU�H[SRVXUHV�ZKHUH�WKH�2��FRQFHQWUDWLRQ

H[FHHGHG������SSP�DQG�(95�LQ�WKH�UDQJH�RI�������O�PLQ�P�����7KHVH�LQGLFDWRUV�ZHUH�VHOHFWHG

EHFDXVH�WKH\�FRUUHVSRQG�WR�WKH�ORZHVW�FRQFHQWUDWLRQ�OHYHOV�DW�ZKLFK�HIIHFWV�ZHUH�REVHUYHG�LQ

WKH���WR���KRXU�FOLQLFDO�VWXGLHV�DW�KHDY\�H[HUWLRQ��!����O�PLQ�P���DQG���WR���KRXU�VWXGLHV�DW

PRGHUDWH�H[HUWLRQ��������O�PLQ�P�����8VH�RI�DQ\�VLQJOH�FXWSRLQW�LQ�WKH�H[SRVXUH�GLVWULEXWLRQ�WR

FRPSDUH�DOWHUQDWLYH�VWDQGDUGV�PXVW�EH�GRQH�ZLWK�FDXWLRQ���8VLQJ�DQ\�VLQJOH�FXWSRLQW�GRHV�QRW

DGHTXDWHO\�UHSUHVHQW�WKH�GLIIHUHQFHV�LQ�WKH�HQWLUH�H[SRVXUH�GLVWULEXWLRQ�EHWZHHQ�DOWHUQDWLYH

VWDQGDUGV�
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5HJXODWRU\�VFHQDULRV�����+RXU�6WDQGDUGV

6WDWLVWLFE %DVHOLQHF �+�(;������SSP �+�(;������SSP

0HDQ�(VWLPDWH�RI�WKH�1XPEHU�RI�2XWGRRU�&KLOGUHQ ����� �� �

���3HUFHQW�RI�7RWDO�2XWGRRU�&KLOGUHQ�3RSXODWLRQ ��� ���� ����

���5DQJH�LQ�WKLV�SHUFHQWDJH�IRU����UXQV ������� �������� �

0HDQ�(VWLPDWH�RI�3HUVRQ�2FFXUUHQFHV ������ �� �

���3HUFHQW�RI�7RWDO�3HUVRQ�2FFXUUHQFHV ���� G ����

���5DQJH�LQ�WKLV�SHUFHQWDJH�IRU����UXQV ��������� G �

5HJXODWRU\�VFHQDULRV�����+RXU�6WDQGDUGV

6WDWLVWLFE %DVHOLQHF �+�(;�
�����SSP

�+�(;�
�����SSP

�+�(;�
�����SSP

�+�(;�
�����SSP

�+�(;�
����
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�+�(;�
����
�SSP

0HDQ�(VWLPDWH�RI�WKH�1XPEHU�RI�2XWGRRU�&KLOGUHQ ����� ��� � � � � �

���3HUFHQW�RI�7RWDO�2XWGRRU�&KLOGUHQ�3RSXODWLRQ ��� ���� ���� ���� ���� ���� ����

���5DQJH�LQ�WKLV�SHUFHQWDJH�IRU����UXQV ������� �������� � � � � �

0HDQ�(VWLPDWH�RI�3HUVRQ�2FFXUUHQFHV ������ ��� � � � � �

���3HUFHQW�RI�7RWDO�3HUVRQ�2FFXUUHQFHV ���� G ���� ���� ���� ���� ����

���5DQJH�LQ�WKLV�SHUFHQWDJH�IRU����UXQV ��������� G � � � � �
D

(TXLYDOHQW�YHQWLODWLRQ�UDWH� ��YHQWLODWLRQ�UDWH���ERG\�VXUIDFH�DUHD��

E

0HDQ�RU�UDQJH�IRU����UXQV�RI�S1(0�2��

F

%DVHOLQH�VFHQDULR�LV�EDVHG�RQ������DPELHQW�DLU�TXDOLW\�OHYHOV�

G

/HVV�WKDQ������SHUFHQW�
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5HJXODWRU\�VFHQDULRV�����+RXU�6WDQGDUGV

6WDWLVWLFE %DVHOLQHF �+�(;������SSP �+�(;������SSP

0HDQ�(VWLPDWH�RI�WKH�1XPEHU�RI�2XWGRRU�&KLOGUHQ ������� ������ �����

���3HUFHQW�RI�7RWDO�2XWGRRU�&KLOGUHQ�3RSXODWLRQ ���� ���� ���

���5DQJH�LQ�WKLV�SHUFHQWDJH�IRU����UXQV ��������� ��������� �������

0HDQ�(VWLPDWH�RI�3HUVRQ�2FFXUUHQFHV ������� ������ �����

���3HUFHQW�RI�7RWDO�3HUVRQ�2FFXUUHQFHV ���� ���� ����

���5DQJH�LQ�WKLV�SHUFHQWDJH�IRU����UXQV �������� ��������� ���������

5HJXODWRU\�VFHQDULRV�����+RXU�6WDQGDUGV

6WDWLVWLFE %DVHOLQHF �+�(;�
�����SSP

�+�(;�
�����SSP

�+�(;�
�����SSP

�+�(;�
�����SSP
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0HDQ�(VWLPDWH�RI�WKH�1XPEHU�RI�2XWGRRU�&KLOGUHQ ������� ������ ������ ����� � ������ �����

���3HUFHQW�RI�7RWDO�2XWGRRU�&KLOGUHQ�3RSXODWLRQ ���� ���� ��� ��� ��� ���� ���

���5DQJH�LQ�WKLV�SHUFHQWDJH�IRU����UXQV ��������� ��������� �������� ������� � ��������� �������

0HDQ�(VWLPDWH�RI�3HUVRQ�2FFXUUHQFHV ������� ������ ������ ����� � ������ �����

���3HUFHQW�RI�7RWDO�3HUVRQ�2FFXUUHQFHV ��� ���� ���� H ��� ���� ����

���5DQJH�LQ�WKLV�SHUFHQWDJH�IRU����UXQV �������� ��������� ��������� ��������� � ��������� ��������
D(TXLYDOHQW�YHQWLODWLRQ�UDWH� ��YHQWLODWLRQ�UDWH���ERG\�VXUIDFH�DUHD��
E0HDQ�RU�UDQJH�IRU����UXQV�RI�S1(0�2��
F%DVHOLQH�VFHQDULR�LV�EDVHG�RQ������DPELHQW�DLU�TXDOLW\�OHYHOV�
G/HVV�WKDQ������SHUFHQW�
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,Q�RUGHU�WR�JHW�D�IHHO�IRU�KRZ�H[SRVXUH�HVWLPDWHV�YDU\�DFURVV�WKH���XUEDQ�VWXG\�DUHDV�

)LJXUHV�9����9�����DQG�9����VKRZ�WKH�PHDQ�SHUFHQW�RI�RXWGRRU�FKLOGUHQ�H[SRVHG�RQ���RU�PRUH

GD\V�WR�WKH���KU�0$;'�LQGLFDWRUV�RI�LQWHUHVW�IRU�WKH�YDULRXV�UHJXODWRU\�VFHQDULRV�DQDO\]HG��

)LJXUH�9���SUHVHQWV�WKHVH�HVWLPDWHV�IRU�WKH��DV�LV��VLWXDWLRQ��WKH�FXUUHQW���KU�VWDQGDUG��DQG�D

�����SSP����KU����H[SHFWHG�H[FHHGDQFH�VWDQGDUG���7KH�FRQVLGHUDEOH�YDULDELOLW\�LQ�EDVHOLQH�2�

OHYHOV�DFURVV�WKH�XUEDQ�DUHDV�DQDO\]HG�UHVXOWV�LQ�ODUJH�YDULDWLRQ�LQ��DV�LV��H[SRVXUH�HVWLPDWHV��

([FHSW�IRU�0LDPL�DQG�'HQYHU��ZKLFK�ZHUH�HLWKHU�LQ�RU�QHDU�DWWDLQPHQW�RI�WKH�FXUUHQW���KU

VWDQGDUG��H[SRVXUHV�!������SSP�DW�PRGHUDWH�H[HUWLRQ�ZRXOG�JHQHUDOO\�EH�VLJQLILFDQWO\

UHGXFHG�XSRQ�DWWDLQPHQW�RI�WKH�FXUUHQW���KU�VWDQGDUG���$WWDLQLQJ�WKH������SSP����H[SHFWHG

H[FHHGDQFH����KU�VWDQGDUG�ZRXOG�IXUWKHU�UHGXFH�H[SRVXUHV�IRU�WKLV�LQGLFDWRU���)LJXUH�9���

SUHVHQWV�VLPLODU�HVWLPDWHV�IRU�WKH�DOWHUQDWLYH���KU����H[SHFWHG�H[FHHGDQFH�VWDQGDUGV���)LQDOO\�

)LJXUH�9����VKRZV�HVWLPDWHV�IRU�WKH����DQG���H[SHFWHG�H[FHHGDQFH�VWDQGDUGV�VHW�DW������DQG

�����SSP�

6RPH�VXPPDU\�REVHUYDWLRQV�IURP�WKH�H[SRVXUH�DQDO\VHV�RI�WKH�JHQHUDO�SRSXODWLRQ�

RXWGRRU�ZRUNHUV��DQG�RXWGRRU�FKLOGUHQ�DUH�OLVWHG�EHORZ�

��� )RU���KU�H[SRVXUHV�DW�PRGHUDWH�H[HUWLRQ��(95�LQ�WKH�UDQJH�������O������������PLQ�

P����RXWGRRU�FKLOGUHQ�DSSHDU�WR�KDYH�WKH�KLJKHVW�SHUFHQWDJH�DQG�QXPEHU�RI

LQGLYLGXDOV�H[SRVHG�WR�OHYHOV�H[FHHGLQJ������SSP�

��� )RU���KU�H[SRVXUHV�DW�KHDY\�H[HUWLRQ��!����O�PLQ�P����LW�GHSHQGV�RQ�WKH�XUEDQ

DUHD�ZKHWKHU�RXWGRRU�FKLOGUHQ�RU�RXWGRRU�ZRUNHUV�KDYH�WKH�KLJKHVW�2��H[SRVXUHV

H[FHHGLQJ������SSP�

��� :KLOH�QRW�VKRZQ�LQ�WKLV�6HFWLRQ��WKH�H[SRVXUH�HVWLPDWHV�IRU�H[FHHGLQJ������SSP

DW�DQ\�H[HUWLRQ�OHYHO�DUH�FRQVLGHUDEO\�KLJKHU�WKDQ�WKH�QXPEHUV�DQG�SHUFHQWDJHV

SUHVHQWHG�LQ�7DEOHV�9����DQG�9������)RU�H[DPSOH��WKH�PRGHO�SUHGLFWV��������

������SHUFHQW��RXWGRRU�FKLOGUHQ�H[FHHGHG������SSP�XQGHU�EDVHOLQH�������DLU

TXDOLW\��FRPSDUHG�WR�RQO\�������RU�����SHUFHQW�RI�RXWGRRU�FKLOGUHQ�OLYLQJ�LQ�WKH

3KLODGHOSKLD�VWXG\�DUHD�IRU�WKLV�VDPH�EDVHOLQH�DLU�TXDOLW\�ZKHQ�(95�ZDV�!���

O�PLQ�P���7KXV��H[HUWLRQ�OHYHO�DQG�LWV�DVVRFLDWHG�YHQWLODWLRQ�UDWH�DW�PD[LPXP

GRVH�VLJQLILFDQWO\�DIIHFWV�0$;'�H[SRVXUH�HVWLPDWHV�
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�� ��� 2Q�ERWK�DQ�DEVROXWH�QXPEHU�DQG�SHUFHQWDJH�EDVLV��H[SRVXUH�HVWLPDWHV�DUH

JUHDWHU�IRU�WKH���KU��!������SSP�LQGLFDWRU�DW�PRGHUDWH�H[HUWLRQ�WKDQ�WKH���KU�

!������SSP�LQGLFDWRU�DW�KHDY\�H[HUWLRQ���7KLV�LV�QRW�VXUSULVLQJ�VLQFH�PRUH

SHRSOH�QRUPDOO\�HQJDJH�LQ�PRGHUDWH�H[HUWLRQ�WKDQ�LQ�KHDY\�H[HUWLRQ�DFWLYLWLHV�

��� %DVHG�RQ�WKH�JHQHUDO�SRSXODWLRQ��RXWGRRU�ZRUNHU��DQG�RXWGRRU�FKLOGUHQ

HVWLPDWHV��WKH������SSP����H[FHHGDQFH����KU�UHJXODWRU\�RSWLRQ�XVXDOO\�SURYLGHV

WKH�OHDVW�SURWHFWLRQ�ZKHQ�MXGJHG�E\�HLWKHU����RU���KU�0$;'�LQGLFDWRUV�DQG�LQ

PRVW�VWXG\�DUHDV�UHVXOWV�LQ�JUHDWHU�H[SRVXUHV�WKDQ�WKH�FXUUHQW���KU�VWDQGDUG�

��� 7KHUH�DUH�UHODWLYHO\�VPDOO�GLIIHUHQFHV�LQ�FRPSDULQJ�WKH�GLVWULEXWLRQV�RI�GDLO\

PD[LPXP�GRVH���KU�H[SRVXUH�HVWLPDWHV�IRU�RXWGRRU�FKLOGUHQ�DVVRFLDWHG�ZLWK���

DQG���H[SHFWHG�H[FHHGDQFH�VWDQGDUGV�VHW�DW�WKH�VDPH�FRQFHQWUDWLRQ�OHYHO��

+RZHYHU��LI�RQH�VHOHFWV�D�SDUWLFXODU�FXWSRLQW�RQ�WKH�GLVWULEXWLRQ��VXFK�DV

H[SRVXUHV�H[FHHGLQJ������SSP�XQGHU�PRGHUDWH�H[HUWLRQ��WKH�GLIIHUHQFHV�EHWZHHQ

WKHVH�WZR�IRUPV�RI�WKH�VWDQGDUG�FDQ�DSSHDU�WR�EH�PRUH�VLJQLILFDQW�LQ�VRPH�XUEDQ

DUHDV���,Q�WKH�YDVW�PDMRULW\�RI�WKH�QLQH�VWXG\�DUHDV�WKH���H[SHFWHG�H[FHHGDQFH

IRUP�RI�WKH�VWDQGDUG�UHVXOWV�LQ�JUHDWHU�H[SRVXUHV���+RZHYHU��LQ�DW�OHDVW�WZR

VWXG\�DUHDV��L�H���'HQYHU�IRU�WKH���KU�GDLO\�PD[�GRVH�DQG�6W��/RXLV�IRU�WKH���KU

GDLO\�PD[�GRVH���WKH�HVWLPDWHG�H[SRVXUHV�DUH�VRPHZKDW�JUHDWHU�IRU�WKH���

H[SHFWHG�H[FHHGDQFH�VWDQGDUG�WKDQ�WKH���H[SHFWHG�H[FHHGDQFH�VWDQGDUG�VHW�DW

�����SSP���7KLV�VHHPLQJO\�LOORJLFDO�UHVXOW�RFFXUV�EHFDXVH�WKH�GHVLJQ�YDOXH

PRQLWRU�IRU�WKH���H[SHFWHG�H[FHHGDQFH�VWDQGDUG�LV�GLIIHUHQW�WKDQ�WKH�GHVLJQ

YDOXH�PRQLWRU�IRU�WKH���H[SHFWHG�H[FHHGDQFH�VWDQGDUG���7KLV�FDQ�RFFXU�EHFDXVH

WKH�VLWH�ZLWK�WKH�PD[LPXP�VHFRQG�KLJKHVW���KU�GDLO\�PD[LPXP�FRQFHQWUDWLRQ�LV

QRW�DOZD\V�WKH�VDPH�DV�WKH�VLWH�ZLWK�WKH�PD[LPXP�VL[WK�KLJKHVW���KU�GDLO\

PD[LPXP�YDOXH���7KH�FRPELQDWLRQ�RI�VLJQLILFDQW�GLIIHUHQFHV�LQ�SRSXODWLRQ�VL]HV

DVVLJQHG�WR�GLIIHUHQW�GLVWULFWV�LQ�DQ�XUEDQ�VWXG\�DUHD�DQG�GLIIHUHQFHV�LQ�WKH

LPSDFW�RI�WKH�DLU�TXDOLW\�DGMXVWPHQW�SURFHGXUH�GXH�WR�WKH�GHVLJQ�PRQLWRU�EHLQJ

LQ�GLIIHUHQW�H[SRVXUH�GLVWULFWV�IRU�WKHVH�WZR�IRUPV�RI�WKH�VWDQGDUG�FDQ�OHDG�WR

H[SRVXUHV�EHLQJ�KLJKHU�IRU�D���H[SHFWHG�H[FHHGDQFH�IRUP�WKDQ�WKH���H[SHFWHG

H[FHHGDQFH�IRUP�
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�� �� &DYHDWV�DQG�/LPLWDWLRQV

$�QXPEHU�RI�FDYHDWV�PXVW�EH�DFNQRZOHGJHG�FRQFHUQLQJ�WKH�S1(0�2��UHVXOWV�

3UREDEO\�WKH�PRVW�LPSRUWDQW�FDYHDW�LV�WKDW�WKHUH�LV�FRQVLGHUDEOH�XQFHUWDLQW\�FRQFHUQLQJ�D

QXPEHU�RI�LPSRUWDQW�LQSXWV�WR�WKH�PRGHO���/LVWHG�EHORZ�DUH�WKH�PRVW�LPSRUWDQW�FDYHDWV�DQG

OLPLWDWLRQV�LQ�WKH�FXUUHQW�YHUVLRQ�RI�WKH�H[SRVXUH�PRGHO�

��� 7KH�VXEMHFWV�ZKR�FRQWULEXWHG�WR�WKH�KXPDQ�DFWLYLW\�GDWDEDVH�PD\�QRW�SURYLGH�D

EDODQFHG�UHSUHVHQWDWLRQ�RI�8�6��RXWGRRU�FKLOGUHQ�RU�RXWGRRU�ZRUNHUV���7KH

PDMRULW\�RI�VXEMHFWV�UHVLGHG�LQ�HLWKHU�WKH�6WDWH�RI�&DOLIRUQLD�RU�LQ�&LQFLQQDWL��

$OWKRXJK�WKH�DOJRULWKP�ZKLFK�FRQVWUXFWV�H[SRVXUH�HYHQW�VHTXHQFHV�DWWHPSWV�WR

DFFRXQW�IRU�HIIHFWV�RI�ORFDO�FOLPDWH�RQ�DFWLYLW\��LW�LV�XQOLNHO\�WKDW�WKLV�DGMXVWPHQW

SURFHGXUH�FRUUHFWV�IRU�DOO�LQWHU�FLW\�GLIIHUHQFHV�LQ�FKLOGUHQ
V�RU�RXWGRRU�ZRUNHUV


DFWLYLWLHV���7LPH�DFWLYLW\�SDWWHUQV�DUH�OLNHO\�WR�EH�DIIHFWHG�E\�D�YDULHW\�RI�ORFDO

IDFWRUV��LQFOXGLQJ�WRSRJUDSK\��ODQG�XVH��WUDIILF�SDWWHUQV��PDVV�WUDQVLW�V\VWHPV�

DQG�UHFUHDWLRQDO�RSSRUWXQLWLHV��

��� $V�GLVFXVVHG�SUHYLRXVO\��WKH�DYHUDJH�VXEMHFW�SURYLGHG�OHVV�WKDQ�WZR�GD\V�RI

GLDU\�GDWD���)RU�WKLV�UHDVRQ��WKH�FRQVWUXFWLRQ�RI�HDFK�VHDVRQ�ORQJ�H[SRVXUH�HYHQW

VHTXHQFH�UHTXLUHG�HLWKHU�WKH�UHSHWLWLRQ�RI�GDWD�IURP�RQH�VXEMHFW�RU�WKH�XVH�RI

GDWD�IURP�PXOWLSOH�VXEMHFWV���7KH�ODWWHU�DSSURDFK�ZDV�XVHG�LQ�WKH�RXWGRRU

FKLOGUHQ�DQG�RXWGRRU�ZRUNHU�S1(0�2��DQDO\VHV�WR�EHWWHU�UHSUHVHQW�WKH

YDULDELOLW\�RI�H[SRVXUH�H[SHFWHG�WR�RFFXU�DPRQJ�WKH�FKLOGUHQ�LQFOXGHG�LQ�HDFK

FRKRUW���7KH�SULQFLSDO�GHILFLHQF\�RI�WKLV�DSSURDFK�LV�WKDW�LW�PD\�QRW�DGHTXDWHO\

DFFRXQW�IRU�WKH�GD\�WR�GD\�UHSHWLWLRQ�RI�DFWLYLWLHV�FRPPRQ�WR�LQGLYLGXDO

FKLOGUHQ���&RQVHTXHQWO\��S1(0�2��PD\�WHQG�WR�XQGHU�HVWLPDWH�WKH�QXPEHU�RI

SHRSOH�ZKR�H[SHULHQFH�PXOWLSOH�RFFXUUHQFHV�RI�KLJK�H[SRVXUH�ZKLOH�HQJDJHG�LQ

PRGHUDWH�RU�KHDY\�H[HUWLRQ��)RU�H[DPSOH��WKH�RXWGRRU�FKLOGUHQ�DQDO\VLV�GRHV�QRW

DGHTXDWHO\�UHIOHFW�H[SRVXUHV�IRU�FKLOGUHQ�DWWHQGLQJ�UHVLGHQWLDO�VXPPHU�FDPSV

EHFDXVH�WKLV�W\SH�RI�DFWLYLW\�SDWWHUQ�LV�QRW�LQFOXGHG�LQ�KXPDQ�DFWLYLW\�SDWWHUQ

GDWD�EDVH�XVHG�LQ�WKH�RXWGRRU�FKLOGUHQ�H[SRVXUH�DQDO\VLV��

��� ([SRVXUH�HVWLPDWHV�KDYH�EHHQ�SUHVHQWHG�VHSDUDWHO\�IRU�RXWGRRU�FKLOGUHQ��RXWGRRU

ZRUNHUV��DQG�WKH�JHQHUDO�SRSXODWLRQ�DQG�KDYH�QRW�EHHQ�DJJUHJDWHG���$Q\



���

DJJUHJDWLRQ�ZRXOG�KDYH�WR�DGMXVW�WKH�JHQHUDO�SRSXODWLRQ�H[SRVXUH�HVWLPDWHV�WR

DYRLG�GRXEOH�FRXQWLQJ�H[SRVXUHV�IRU�ZRUNHUV�DQG�FKLOGUHQ�

��� 7KH�DOJRULWKP�WKDW�DVVLJQV�WKH�(95�DVVRFLDWHG�ZLWK�HDFK�H[SRVXUH�LV�EDVHG�RQ

DQ�DQDO\VLV�RI�GDWD�IURP�VHYHUDO�VWXGLHV�FRQGXFWHG�E\�'U��+DFNQH\�DQG�KLV

DVVRFLDWHV�LQ�/RV�$QJHOHV���%HFDXVH�RI�WKH�VPDOO�VDPSOH�VL]HV��H�J������FKLOGUHQ

DQG����RXWGRRU�ZRUNHUV��LQ�WKHVH�VWXGLHV�DQG�WKH�ODFN�RI�VXEMHFWV�EHORZ�DJH���

RU�DERYH�WKH�DJH�RI����WKHUH�LV�XQFHUWDLQW\�ZKLFK�FDQQRW�EH�TXDQWLILHG�DERXW

WKHVH�(95�HVWLPDWHV���7KH�S1(0�2��PRGHO�DOVR�HPSOR\V�DQ�(95�OLPLWLQJ

DOJRULWKP�WKDW�GHWHUPLQHV�WKH�PD[LPXP�(95�WKDW�FDQ�EH�PDLQWDLQHG�IRU�D�JLYHQ

GXUDWLRQ�E\�DQ�LQGLYLGXDO�WKDW�H[HUFLVHG�UHJXODUO\�DQG�ZDV�PRWLYDWHG�WR�UHDFK�D

KLJK�YHQWLODWLRQ�UDWH���,Q�JHQHUDO��WKH�(95�OLPLWLQJ�DOJRULWKP�WHQGV�WR�DOORZ

PRUH�KLJK�(95�YDOXHV�WR�RFFXU�WKDQ�ZRXOG�RFFXU�LQ�WKH�WRWDO�SRSXODWLRQ�RI

LQWHUHVW��L�H���RXWGRRU�FKLOGUHQ��RXWGRRU�ZRUNHUV��RU�JHQHUDO�SRSXODWLRQ��

��� 7KH�DLU�TXDOLW\�DGMXVWPHQW�SURFHGXUHV�XVHG�WR�VLPXODWH�MXVW�DWWDLQLQJ�DOWHUQDWLYH

1$$46�ZHUH�EDVHG�RQ�VWDWLVWLFDO�DQDO\VHV�RI�2��GDWD�IURP�VLWHV�WKDW�H[SHULHQFHG

PRGHUDWH�UHGXFWLRQV�LQ�2��OHYHOV�GXULQJ�WKH�����
V���7KHVH�SURFHGXUHV�DVVXPH

WKDW�����WKH�:HLEXOO�GLVWULEXWLRQ�SURYLGHV�D�JRRG�ILW�WR�PRVW�2��GDWD�DQG�����WKH

SDUDPHWHUV�RI�WKH�:HLEXOO�GLVWULEXWLRQ�ILWWLQJ�GDWD�IURP�D�SDUWLFXODU�PRQLWRULQJ

VLWH�ZLOO�FKDQJH�RYHU�WLPH�LQ�D�SUHGLFWDEOH�IDVKLRQ���%HFDXVH�RI�WKH�HPSLULFDO

EDVLV�IRU�WKH�DGMXVWPHQW�SURFHGXUH��WKHUH�LV�OHVV�FRQILGHQFH�LQ�WKH�SUHGLFWHG�DLU

TXDOLW\�OHYHOV�IRU�MXVW�DWWDLQLQJ�DOWHUQDWLYH�VWDQGDUGV�LQ�/RV�$QJHOHV�ZKHUH

VLJQLILFDQW�UHGXFWLRQV�ZRXOG�KDYH�WR�WDNH�SODFH�WR�DWWDLQ�DQ\�RI�WKH�DOWHUQDWLYH

VWDQGDUGV�DQDO\]HG���7KH�DGMXVWPHQW�SURFHGXUH�ZDV�GHYHORSHG�DQG�WHVWHG�ZLWK�D

IRFXV�RQ�WKH�WDLO�RI�WKH���KU�DQG���KU�DLU�TXDOLW\�GLVWULEXWLRQV���7KHUHIRUH��WKHUH

LV�PRUH�XQFHUWDLQW\�DERXW�KRZ�ZHOO�WKH�DGMXVWPHQW�SURFHGXUH�FKDUDFWHUL]HV

ORQJHU�DYHUDJLQJ�WLPHV��L�H���VHDVRQDO���KU�DYHUDJHV��DQG���KU�DQG���KU�GDLO\

PD[LPXP�YDOXHV�WKDW�DUH�LQ�WKH�PLGGOH�RI�WKH�GLVWULEXWLRQ���$�OLPLWHG�HYDOXDWLRQ

RI�WKH�DGMXVWPHQW�SURFHGXUH��-RKQVRQ��������VXJJHVWV�WKDW�WKH�DSSURDFK�GRHV�D

UHDVRQDEOH�MRE�RI�HVWLPDWLQJ�WKH�XSSHU�����RI�WKH�GLVWULEXWLRQ�RI�KRXUO\�2�

YDOXHV�EDVHG�RQ�DQ�HPSLULFDO�DQDO\VLV�RI�VL[�RI�WKH�QLQH�XUEDQ�DUHDV�LQFOXGHG�LQ



���

WKH�H[SRVXUH�DQDO\VLV���)XUWKHU�UHVHDUFK�DQG�DQDO\VLV�LV�QHHGHG�WR�EHWWHU

FKDUDFWHUL]H�XQFHUWDLQW\�DERXW�SRVVLEOH�FKDQJHV�LQ�WKH�VSDWLDO�SDWWHUQ�DQG�VKDSH

RI�2��DLU�TXDOLW\�GLVWULEXWLRQV�DVVRFLDWHG�ZLWK�FRQWURO�VWUDWHJLHV�DGRSWHG�WR�DWWDLQ

WKH�2��1$$46�LQ�WKH�IXWXUH�

� ��� 7KH�S1(0�2��PRGHO�XVHV�D�PDVV�EDODQFH�PRGHO�WR�HVWLPDWH�2��OHYHOV�LQ

UHVLGHQWLDO�EXLOGLQJV��ZLQGRZV�RSHQ���UHVLGHQWLDO�EXLOGLQJV��ZLQGRZV�FORVHG�

QRQUHVLGHQWLDO�EXLOGLQJV��DQG�LQVLGH�PRWRU�YHKLFOHV���)RU�VRPH�RI�WKHVH

PLFURHQYLURQPHQWV�WKH�GDWD�EDVH�RQ�DLU�H[FKDQJH�UDWHV��$(5��DQG�2��GHFD\

UDWHV��ZKLFK�DUH�NH\�LQSXWV�WR�WKH�PDVV�EDODQFH�PRGHO��LV�UDWKHU�VSDUVH���)RU

H[DPSOH��WKH�$(5�DQG�2��GHFD\�UDWH�IRU�PRWRU�YHKLFOHV�LV�D�SRLQW�HVWLPDWH�EDVHG

RQ�GDWD�IRU�D�VLQJOH�YHKLFOH���,Q�FRQWUDVW��GDWD�RQ�$(5�YDOXHV�IRU�UHVLGHQWLDO

EXLOGLQJV�ZLWK�FORVHG�ZLQGRZV�DUH�EDVHG�RQ�D�ORJQRUPDO�GLVWULEXWLRQ�ILW�WR�$(5

GDWD�IURP�����UHVLGHQFHV�DFURVV�WKH�8�6���,W�VKRXOG�EH�QRWHG�WKDW�WKH

XQFHUWDLQWLHV�DERXW�2��OHYHOV�LQ�WKHVH��LQGRRU��PLFURHQYLURQPHQWV�VKRXOG�QRW

KDYH�D�VLJQLILFDQW�HIIHFW�RQ�H[SRVXUH�HVWLPDWHV�DW�PRGHUDWH�DQG�KLJK�H[HUWLRQ

ZKHUH�H[SRVXUH�OHYHOV�H[FHHG������SSP��VLQFH�WKHVH�DUH�OLNHO\�WR�EH�GXH�WR

RXWGRRU�H[SRVXUHV�
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+� 2]RQH�+HDOWK�5LVN�$VVHVVPHQW

�� 2YHUYLHZ

7KLV�VHFWLRQ�VXPPDUL]HV�DQ�DVVHVVPHQW�RI�ULVNV�IRU�VHYHUDO�FDWHJRULHV�RI�UHVSLUDWRU\

HIIHFWV�DVVRFLDWHG�ZLWK�DWWDLQPHQW�RI�DOWHUQDWLYH���DQG���KU�2��1$$46���7KLV�ULVN�DVVHVVPHQW

EXLOGV�XSRQ�WKH�HDUOLHU�2��1$$46�KHDOWK�ULVN�DVVHVVPHQW�GHVFULEHG�LQ�GHWDLO�LQ�+D\HV�HW�DO�

�������DQG�VXPPDUL]HG�LQ�WKH�SUHYLRXV�2��2$436�6WDII�3DSHU��8�6��(3$����������7KH�2�

KHDOWK�ULVN�DVVHVVPHQW�FRQVLGHUV�WKH�VDPH�DOWHUQDWLYH�DLU�TXDOLW\�VFHQDULRV�H[DPLQHG�LQ�WKH

H[SRVXUH�DQDO\VLV�GHVFULEHG�LQ�6HFWLRQ�9�*�

7KH�REMHFWLYH�RI�WKH�ULVN�DVVHVVPHQW�LV�WR�HVWLPDWH�WKH�PDJQLWXGH�RI�ULVN�WR�WKH�PRVW

VXVFHSWLEOH�SRSXODWLRQV��L�H���RXWGRRU�ZRUNHUV�DQG�RXWGRRU�FKLOGUHQ��ZKLOH�FKDUDFWHUL]LQJ��DV

H[SOLFLWO\�DV�SRVVLEOH��WKH�UDQJH�DQG�LPSOLFDWLRQV�RI�XQFHUWDLQWLHV�LQ�WKH�H[LVWLQJ�VFLHQWLILF�GDWD

EDVH���:KLOH�WKH�ULVN�DVVHVVPHQW�HVWLPDWHV�VKRXOG�QRW�EH�YLHZHG�DV�GHPRQVWUDWHG�KHDOWK

LPSDFWV��WKH\�GR�UHSUHVHQW�(3$
V�HVWLPDWH�DV�WR�WKH�SRVVLEOH�H[WHQW�RI�ULVN�IRU�WKHVH�HIIHFWV

JLYHQ�WKH�DYDLODEOH�VFLHQWLILF�LQIRUPDWLRQ���$OWKRXJK�LW�GRHV�QRW�FRYHU�DOO�KHDOWK�HIIHFWV�FDXVHG

E\�2���WKH�ULVN�DVVHVVPHQW�LV�LQWHQGHG�DV�D�WRRO�WKDW�PD\��WRJHWKHU�ZLWK�RWKHU�LQIRUPDWLRQ

SUHVHQWHG�LQ�WKLV�6WDII�3DSHU�DQG�LQ�WKH�&'��DLG�WKH�$GPLQLVWUDWRU�LQ�MXGJLQJ�ZKLFK�DOWHUQDWLYH

2��1$$46�SURYLGHV�DQ�DGHTXDWH�PDUJLQ�RI�VDIHW\���5LVN�HVWLPDWHV�IRU�QLQH�XUEDQ�DUHDV�DQG�WKH

PHWKRGRORJ\�XVHG�WR�JHQHUDWH�WKHVH�HVWLPDWHV�DUH�GHVFULEHG�LQ�GHWDLO�LQ�:KLWILHOG�HW�DO���������

7KH�WKUHH�PDMRU�W\SHV�RI�LQSXWV�WR�WKH�ULVN�DVVHVVPHQW�DUH�

��� FRQFHQWUDWLRQ�UHVSRQVH�RU�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�XVHG�WR�FKDUDFWHUL]H

YDULRXV�UHVSLUDWRU\�HIIHFWV�RI�2��H[SRVXUH�

��� GLVWULEXWLRQV�RI�2����KU�DQG���KU�GDLO\�PD[LPXP�FRQFHQWUDWLRQV�XSRQ�DWWDLQPHQW

RI�DOWHUQDWLYH�1$$46�REWDLQHG�IURP�WKH�S1(0�2��DQDO\VHV�GHVFULEHG�LQ

6HFWLRQ�9�*���DQG

��� GLVWULEXWLRQV�RI�SRSXODWLRQ�H[SRVXUH��LQ�WHUPV�RI�WKH�JHQHUDO�SRSXODWLRQ��RXWGRRU

ZRUNHUV��DQG�RXWGRRU�FKLOGUHQ�H[SRVHG�DQG�RFFXUUHQFHV�RI�H[SRVXUH��XSRQ

DWWDLQPHQW�RI�DOWHUQDWLYH�2��1$$46�REWDLQHG�IURP�WKH�2��H[SRVXUH�DQDO\VHV�

7ZR�GLVWLQFW�W\SHV�RI�ULVN�PHDVXUHV�DUH�SURYLGHG�E\�WKH�2��KHDOWK�ULVN�DVVHVVPHQW���7KH

ILUVW�PHDVXUH���EHQFKPDUN�ULVN���IRFXVHV�RQ�WKH�SUREDELOLW\�RU�ULVN�RI�XQKHDOWKIXO�DLU���7KH

VHFRQG�PHDVXUH���KHDGFRXQW�ULVN���IRFXVHV�RQ�WKH�QXPEHU�RI�SHRSOH�DIIHFWHG�DQG�QXPEHU�RI



���

LQFLGHQFHV�RI�D�JLYHQ�KHDOWK�HIIHFW�FRQVLGHULQJ�LQGLYLGXDOV
�SHUVRQDO�H[SRVXUHV�DV�WKH\�JR�DERXW

WKHLU�GDLO\�DFWLYLWLHV��H�J���IURP�LQGRRUV�WR�RXWGRRUV��PRYLQJ�IURP�SODFH�WR�SODFH��DQG�HQJDJLQJ

LQ�DFWLYLWLHV�DW�GLIIHUHQW�H[HUWLRQ�OHYHOV��

0RUH�VSHFLILFDOO\��EHQFKPDUN�ULVN�LV�WKH�SUREDELOLW\�WKDW�D�WLPH�DYHUDJHG�2�

FRQFHQWUDWLRQ�ZLOO�H[FHHG�D�JLYHQ�EHQFKPDUN�FRQFHQWUDWLRQ�N�RU�PRUH�WLPHV�LQ�D�JLYHQ�SHULRG

DW�VRPH�ORFDWLRQ�ZLWKLQ�D�JHRJUDSKLF�DUHD���7KH�EHQFKPDUN�FRQFHQWUDWLRQ�LV�WKH�WLPH�DYHUDJHG

2��FRQFHQWUDWLRQ�WKDW�ZLOO�FDXVH�WKH�RFFXUUHQFH�RI�D�VSHFLILF�KHDOWK�HIIHFW�RU�UHVSRQVH�LQ�XS�WR�D

JLYHQ�SHUFHQWDJH�RI�D�VHQVLWLYH�SRSXODWLRQ��H�J���RXWGRRU�FKLOGUHQ��XQGHU�JLYHQ�FRQGLWLRQV�RI

H[SRVXUH���%HQFKPDUN�ULVN��ZKLFK�LV�FDOFXODWHG�DVVXPLQJ�WKDW�DOO�PHPEHUV�RI�WKH�VHQVLWLYH

SRSXODWLRQ�DUH�H[SRVHG�RXWGRRUV�XQGHU�LGHQWLFDO�H[SRVXUH�FRQGLWLRQV��LV�D�PHDVXUH�RI�WKH

KD]DUG�SRVHG�E\�HOHYDWHG�DPELHQW�2��OHYHOV�

7KH�VHFRQG�PHDVXUH��KHDGFRXQW�ULVN��LV�D�SRSXODWLRQ�ULVN�PHDVXUH�WKDW�DVVHVVHV��QXPEHU

RI�SHRSOH�RU�SHUFHQW�RI�WKH�VHQVLWLYH�SRSXODWLRQ�WKDW�ZRXOG�EH�DGYHUVHO\�DIIHFWHG�JLYHQ�QRUPDO

PRYHPHQW�DQG�DFWLYLW\�SDWWHUQV�RI�WKH�SRSXODWLRQ�RI�LQWHUHVW���+HDGFRXQW�ULVN�DOVR�SURYLGHV

HVWLPDWHV�RI�WKH�QXPEHU�RI�RFFXUUHQFHV�RI�DGYHUVH�HIIHFWV�WKHUH�ZRXOG�EH���6WDII�EHOLHYH�WKDW

WKHVH�ULVN�PHDVXUHV�WDNHQ�WRJHWKHU�FDSWXUH�WZR�LPSRUWDQW�SHUVSHFWLYHV�WKDW�VKRXOG�EH

FRQVLGHUHG�LQ�VHOHFWLQJ�DQ�2��VWDQGDUG�WKDW�SURYLGHV�DQ�DGHTXDWH�PDUJLQ�RI�VDIHW\�

�� ([SRVXUH�5HVSRQVH�5HODWLRQVKLSV

5LVN�HVWLPDWHV�KDYH�EHHQ�GHYHORSHG�IRU�D�YDULHW\�RI�UHVSLUDWRU\�HIIHFWV�UHSRUWHG�WR�EH

DVVRFLDWHG�ZLWK�2��H[SRVXUH���7DEOH�9����VXPPDUL]HV�WKH�HIIHFW�FDWHJRULHV�FRYHUHG�E\�WKH�ULVN

DVVHVVPHQW�WKDW�DUH�VXPPDUL]HG�LQ�WKLV�VHFWLRQ�RI�WKH�6WDII�3DSHU���(DFK�RI�WKH�HIIHFWV�LV

DVVRFLDWHG�ZLWK�D�SDUWLFXODU�DYHUDJLQJ�WLPH�DQG�IRU�PRVW�RI�WKH�DFXWH����WR���KU��UHVSRQVHV

HIIHFWV�DOVR�DUH�HVWLPDWHG�VHSDUDWHO\�IRU�VSHFLILF�(95�UDQJHV�WKDW�FRUUHVSRQG�WR�WKH�(95

UDQJHV�PHDVXUHG�LQ�WKH�KHDOWK�VWXGLHV�XVHG�WR�GHULYH�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV���$Q

HIIHFW��RU�HQGSRLQW��FDQ�EH�GHILQHG�LQ�WHUPV�RI�D�PHDVXUH�RI�ELRORJLFDO�UHVSRQVH�DQG�WKH�DPRXQW

RI�FKDQJH�LQ�WKDW�PHDVXUH�WKRXJKW�WR�EH�RI�FRQFHUQ���5LVN�HVWLPDWHV�DUH�VXPPDUL]HG



���

7$%/(�9������%$6,6�)25�$&87(�+($/7+�(1'32,176�$''5(66('�%<�5,6.�$66(660(17



���

+HDOWK
(QGSRLQW
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)(9��GHFUHPHQW�≥�������������� $YRO�HW�DO�������
.XOOH�HW�DO�������

0F'RQQHOO�HW�DO�������

6HDO�HW�DO��
�����

)ROLQVEHH�HW�DO�������
+RUVWPDQ�HW�DO�������
0F'RQQHOO�HW�DO�������
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/RZHU�UHVSLUDWRU\��PRGHUDWH�VHYHUH�
V\PSWRPV

$YRO�HW�DO�������
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&RXJK��PRGHUDWH�VHYHUH� .XOOH�HW�DO�������
0F'RQQHOO�HW�DO�������

6HDO�HW�DO��
����

)ROLQVEHH�HW�DO�������
+RUVWPDQ�HW�DO�������
0F'RQQHOO�HW�DO�������
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&KHVW�SDLQ�RQ�GHHS�LQVSLUDWLRQ .XOOH�HW�DO������� 6HDO�HW�DO�� )ROLQVEHH�HW�DO�������
+RUVWPDQ�HW�DO�������
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�PRGHUDWH�VHYHUH� 0F'RQQHOO�HW�DO������� ���� 0F'RQQHOO�HW�DO�������
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$FXWH�H[FHVV�UHVSLUDWRU\�UHODWHG
KRVSLWDO�DGPLVVLRQV�IRU�DVWKPDWLFV

7KXUVWRQ�HW�DO��
����G
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LQ�WKLV�VHFWLRQ�IRU�D�YDULHW\�RI�DFXWH�KHDOWK�HQGSRLQWV���)RU�OXQJ�IXQFWLRQ�GHFUHPHQWV�HVWLPDWHV

DUH�SURYLGHG�IRU�WKH�ORZHU�HQG��PLGSRLQW��DQG�XSSHU�HQG�RI�WKH�UDQJH�RI�UHVSRQVH�WKDW�PLJKW�EH

FRQVLGHUHG�DQ�DGYHUVH�KHDOWK�HIIHFW��L�H���!���������RU�����)(9��GHFUHPHQWV����)RU�DFXWH

V\PSWRPDWLF�HIIHFWV��WKLV�VHFWLRQ�IRFXVHV�RQ�UHVSRQVHV�WKDW�WKH�VWDII�UHFRPPHQGV�EH�FRQVLGHUHG

DV�DGYHUVH�HIIHFWV��L�H���PRGHUDWH�RU�VHYHUH�FRXJK��PRGHUDWH�RU�VHYHUH�SDLQ�RQ�GHHS�LQVSLUDWLRQ

�3',����

5LVN�HVWLPDWHV�KDYH�EHHQ�FDOFXODWHG�IRU�HDFK�DFXWH�HIIHFW�VHSDUDWHO\���&RQVHTXHQWO\��QR

ULVN�HVWLPDWHV�DUH�DYDLODEOH�IRU�PXOWLSOH�HIIHFWV�VXFK�DV�WKH�MRLQW�SUREDELOLW\�RI�KDYLQJ�PRGHUDWH

RU�VHYHUH�FRXJK�DQG�D�)(9��GHFUHPHQW�!�������3UHSDULQJ�VXFK�MRLQW�HIIHFWV�ULVN�HVWLPDWHV

ZRXOG�EH�YHU\�GLIILFXOW�JLYHQ�WKH�H[LVWLQJ�GDWD�EDVH���7KH�EDVLV�IRU�WKHVH�VWDII�UHFRPPHQGDWLRQV

ZDV�GLVFXVVHG�LQ�6HFWLRQ�9�)�RI�WKLV�6WDII�3DSHU��

)RU�WKH���KU��KHDY\�H[HUWLRQ�FDVHV��H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�ZHUH�GHULYHG

VHSDUDWHO\�EDVHG�RQ�WKUHH�FRQWUROOHG�FKDPEHU�VWXGLHV��$YRO�HW�DO���������.XOOH�HW�DO���������DQG

0F'RQQHOO�HW�DO���������DQG�XVHG�WR�GHYHORS�LQGHSHQGHQW�ULVN�HVWLPDWHV���7DEOH�9���

VXPPDUL]HV�WKH�VWXGLHV�XVHG�WR�HVWLPDWH���KU�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�IRU�SRSXODWLRQV

HQJDJHG�LQ�KHDY\�H[HUWLRQ���:KLOH�WKH�WKUHH�VWXGLHV�DUH�VLPLODU�LQ�HQRXJK�UHVSHFWV��H�J���KHDOWK

HQGSRLQWV��\RXQJ�KHDYLO\�H[HUFLVLQJ�KHDOWK\�VXEMHFWV��VLPLODU�����KRXU�2��H[SRVXUHV�

WR�PDNH�XVHIXO�FRPSDULVRQV��WKHUH�DUH�HQRXJK�GLIIHUHQFHV�LQ�H[SHULPHQWDO�SURWRFRO��H�J�����

KRXU�FRQWLQXRXV�H[SRVXUH�LQ�$YRO�YV����KRXU�LQWHUPLWWHQW�LQ�.XOOH�DQG�0F'RQQHOO�DQG

GLIIHUHQFHV�LQ�H[DFW�H[HUFLVH�OHYHO�DQG�H[SRVXUH�FRQFHQWUDWLRQ��WR�PDNH�VWDWLVWLFDO�FRPELQDWLRQ

RI�WKHVH�GDWD�EDVHV�XQGHVLUDEOH�

)RU�WKH���KU��PRGHUDWH�H[HUWLRQ�FDVHV��H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�ZHUH�GHULYHG

EDVHG�RQ�D�VLQJOH��UHODWLYHO\�ODUJH�FRQWUROOHG�KXPDQ�FKDPEHU�VWXG\��6HDO�HW�DO�����������7KLV

VWXG\�LV�VXPPDUL]HG�LQ�7DEOH�9����

$�SRROHG�GDWD�VHW�EDVHG�RQ�WKUHH�FRQWUROOHG�KXPDQ�H[SRVXUH�VWXGLHV��)ROLQVEHH�HW�DO��

������+RUVWPDQ�HW�DO���������0F'RQQHOO�HW�DO���������VHUYHG�DV�WKH�EDVLV�IRU�GHYHORSLQJ

H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�IRU�WKH���KU��PRGHUDWH�H[HUWLRQ�FDVHV���7KHVH�VWXGLHV�DUH

VXPPDUL]HG�LQ�7DEOH�9������,W�ZDV�IHOW�WKDW�WKHVH�GDWD�VHWV�FRXOG�EH�SRROHG�EHFDXVH�WKH�VWXGLHV

ZHUH�SHUIRUPHG�LQ�WKH�VDPH�ORFDWLRQ�XVLQJ�HVVHQWLDOO\�LGHQWLFDO�H[SHULPHQWDO�SURWRFROV
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6WXG\�3URWRFRO $YRO�HW�DO�������� .XOOH�HW�DO�������� 0F'RQQHOO�HW�DO��������

1XPEHU�RI�VXEMHFWV ���ELF\FOLVWV�����PDOH

DQG���IHPDOH��FRPSOHWH

GDWD�ZHUH�DYDLODEOH�IRU

���RI�WKH�VXEMHFWV

���KHDOWK\�PDOHV�

��RI����VXEMHFWV

H[SRVHG�WR

�����SSPD

����KHDOWK\�PDOHV�

FRPSOHWH�GDWD�ZHUH

DYDLODEOH�IRU�����RI�WKH

VXEMHFWV

([SRVXUH�FRQFHQWUDWLRQV

�SSP�

�����������������������

DQG�����

�����������������������

������DQG�����

�����������������������

������DQG�����

9HQWLODWLRQ�UDWHE �����p����� �����p���� �����p����

�/�PLQ�

(95F��/�PLQ�P�� ���� ���� �����p����

([HUFLVH�SDWWHUQ &RQWLQXRXV�����PLQ

ZDUP�XS�����PLQ�RI

FRQWLQXRXV�H[HUFLVH�����

PLQ�FRROGRZQ�DQG

PHDVXUHPHQW�

,QWHUPLWWHQW����F\FOHV�RI

���PLQ�RI�H[HUFLVH

DOWHUQDWHG�ZLWK����PLQ

RI�UHVW�

,QWHUPLWWHQW����F\FOHV�RI���

PLQ�RI�H[HUFLVH�DQG����PLQ

RI�UHVW�

([HUFLVH�GXUDWLRQ��KHDY\�

�PLQ�

��� ��� ���

([SRVXUH�GXUDWLRQ��K� ���� � ���G

6XEMHFW�H[SRVXUHV ([SRVHG�WR�DOO

FRQFHQWUDWLRQV

([SRVHG�WR�DOO

FRQFHQWUDWLRQV

'LYLGHG�DERXW�HTXDOO\�LQWR

��JURXSV��HDFK�H[SRVHG�WR�D

VLQJOH�FRQFHQWUDWLRQ

D 'DWD�IRU�H[SRVXUHV�RI������SSP�QRW�UHSRUWHG�LQ�.XOOH�HW�DO���������ZHUH�WDNHQ�IURP�+D\HV�HW�DO���������

E 0HDQ�p�VWDQGDUG�GHYLDWLRQ��DYHUDJHV�RI�JURXS��EDVHG�RQ�R]RQH�FRQFHQWUDWLRQ��PHDQV�

F (VWLPDWHG�IRU�$YRO�HW�DO��DQG�.XOOH�HW�DO��E\�GLYLGLQJ�YHQWLODWLRQ�UDWH�E\�����P���WKH�DSSUR[LPDWH�KXPDQ�ERG\

VXUIDFH�DUHD��WR�REWDLQ�HTXLYDOHQW�OLWHUV�SHU�PLQXWH��FDOFXODWHG�IRU�0F'RQQHOO�HW�DO��IURP�DYDLODEOH�GDWD�

G ,QFOXGHV�D�ILQDO����PLQ�SHULRG�GXULQJ�ZKLFK�VXEMHFWV�UHVWHG��DQG�VSLURPHWULF�DQG�V\PSWRPV�PHDVXUHPHQWV�ZHUH

PDGH�
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Study Protocol Seal et al. (1993)

Number of subjects 372 African-American and White
males and females

Exposure
concentration (ppm)

0.00, 0.12, 0.18, 0.24, 0.30, or
0.40

Mean ventilation ratea

(L/min)
45

EVRb (L/min/m2) 23.8 ± 2.8

Exercise pattern Intermittent (4 periods of 15-min
exercise, 15-min rest)

Exercise duration (h) 1

Exposure duration (h) 2.33c

Subject exposures About 60 subjects exposed at
each level; each subject exposed
to only 1 concentration level

a Calculated from mean EVR by multiplying by 1.9 m2, the
approximate body surface area.

b Mean ± standard deviation; averages of group means.
c Includes a final 20-min period during which subjects

rested, and spirometric and symptom measurements were
made.
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Study Protocol Folinsbee et al. (1988) Horstman et al. (1990) McDonnell et al. (1991)

Number of subjects 10 nonsmoking males 22 nonsmoking males 38 nonsmoking males

Exposure
concentration (ppm)

0.00 or 0.12 0.00, 0.08, 0.10, or 0.12 0.00, 0.08, or 0.10

Ventilation rate
(L/min)

39-42a 37-41a (40.3, 40.5, 39.6) ± (4.3,
4.3, 6.3)b

EVR (L/min/m2) 20.5-22.1c 19.5-21.6c (20.1, 20.2, 19.9) ± (1.8,
1.8, 2.3)b

Exercise pattern 50 min of exercise,
10 min of rest for each
hour, and 35 min of rest
after third hour

50 min of exercise,
10 min of rest for each
hour and 35 min of rest
after third hour

50 min of exercise, 10 min
of rest for each hour and 35
min of rest after third hour

Exercise duration (h) 5 5 5

Exposure duration (h) 6.6 6.6 6.6

Subject exposures Exposed to all
concentrations

Exposed to all
concentrations, except
for 1 subject who
experienced respiratory
problems at 0.10 ppm

28 subjects exposed to 0.00
and 0.08 ppm;
10 subjects exposed to 0.00,
0.08, and 0.10 ppm

a Range of group means.

b Means ± standard deviation for 0, 0.08, and 0.10 ppm, respectively.

c Range of group means estimated by dividing the ventilation rate by 1.9 m2, the approximate human body
surface area, to obtain equivalent liters per minute.
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DQG�SRSXODWLRQ�JURXSV���6HYHUDO�RWKHU�FRQWUROOHG�KXPDQ�H[SRVXUH�VWXGLHV��VXPPDUL]HG�LQ�7DEOH

����RI�WKH�&'��KDYH�UHSRUWHG�OXQJ�IXQFWLRQ�GHFUHPHQWV�DQG�V\PSWRPV�LQ�KHDOWK\�DQG�DVWKPDWLF

VXEMHFWV�GXH�WR�2��H[SRVXUHV�ODVWLQJ�����WR�����KRXUV��+RUYDWK�HW�DO���������+D]XFKD�HW�DO��

������DQG�/LQQ�HW�DO���������+RUVWPDQ�HW�DO�����������7KHVH�DGGLWLRQDO�VWXGLHV�ZHUH�QRW

LQFOXGHG�LQ�GHYHORSLQJ�WKH�HVWLPDWHG�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�EHFDXVH�WKH\�HDFK

LQYROYHG�D�VLQJOH�H[SRVXUH�OHYHO�DQG�GLIIHUHQFHV�LQ�VWXG\�SURWRFROV�SUHFOXGHG�SRROLQJ�WKH�GDWD

IURP�WKHVH�VWXGLHV�ZLWK�WKH�&KDSHO�+LOO�VWXGLHV���7KH�PDJQLWXGH�RI�WKH�UHVSRQVHV�ZDV

VRPHZKDW�ORZHU�LQ�VRPH�RI�WKHVH�VWXGLHV��VSHFLILFDOO\�WKH�/LQQ�HW�DO���������DQG�+RUYDWK�HW�DO�

��������FRPSDUHG�WR�WKH�WKUHH�&KDSHO�+LOO�VWXGLHV�XVHG�LQ�WKH�ULVN�DVVHVVPHQW���+RZHYHU��WKLV

PD\�KDYH�EHHQ�GXH�WR�XVH�RI�D�ORZHU�YHQWLODWLRQ�UDWH�DQG�DWWHQXDWLRQ�GXH�WR�SUHYLRXV�H[SRVXUHV

LQ�/RV�$QJHOHV�IRU�WKH�/LQQ�HW�DO���������VWXG\�DQG�WKH�XVH�RI�ROGHU��OHVV�VHQVLWLYH�VXEMHFWV�LQ

WKH�FDVH�RI�WKH�+RUYDWK�HW�DO���������VWXG\���7KH�UHVSRQVHV�RI�DVWKPDWLFV�LQ�WKH�/LQQ�HW�DO�

�������DQG�WKH�+RUVWPDQ�HW�DO���������VWXGLHV�LV�PRUH�FRPSDUDEOH�WR�WKH�OHYHO�RI�UHVSRQVHV

VHHQ�LQ�WKH�WKUHH�&KDSHO�+LOO�VWXGLHV�XVHG�LQ�WKH�ULVN�DVVHVVPHQW�������������������������������������������

������������������������������������������������������� 7KH�DFXWH�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV

GHYHORSHG�EDVHG�RQ�WKH�FKDPEHU�VWXGLHV�UHIHUHQFHG�LQ�7DEOH�9����ZHUH�DSSOLHG�WR��RXWGRRU

FKLOGUHQ����RXWGRRU�ZRUNHUV���DQG�WKH�JHQHUDO�SRSXODWLRQ���:KLOH�WKHVH�VSHFLILF�FKDPEHU

VWXGLHV�RQO\�LQFOXGHG�DGXOWV�DJHG��������ILQGLQJV�IURP�RWKHU�FKDPEHU�VWXGLHV��0F'RQQHOO�HW

DO���������DQG�VXPPHU�FDPS�ILHOG�VWXGLHV�LQ�DW�OHDVW�VL[�GLIIHUHQW�ORFDWLRQV�LQ�WKH�QRUWKHDVW

8QLWHG�6WDWHV��&DQDGD��DQG�6RXWKHUQ�&DOLIRUQLD�LQGLFDWH�FKDQJHV�LQ�OXQJ�IXQFWLRQ�LQ�KHDOWK\

FKLOGUHQ�VLPLODU�WR�WKRVH�REVHUYHG�LQ�KHDOWK\�DGXOWV�H[SRVHG�WR�2��XQGHU�FRQWUROOHG�FKDPEHU

FRQGLWLRQV��&'��6HFWLRQ������������$V�VWDWHG�LQ�WKH�&'���DOWKRXJK�GLUHFW�FRPSDULVRQV�FDQQRW

EH�PDGH�EHFDXVH�RI�LQFRPSDWLEOH�GLIIHUHQFHV�LQ�H[SHULPHQWDO�GHVLJQ�DQG�DQDO\WLFDO�DSSURDFK��

WKH�UDQJH�RI�UHVSRQVH�LQ�WKH�VXPPHU�FDPS�VWXGLHV��LV�FRPSDUDEOH�WR�WKH�UDQJH�RI�UHVSRQVH�VHHQ

LQ�FKDPEHU�VWXGLHV�DW�ORZ�2��FRQFHQWUDWLRQV�����������������������������������������������������������������������

����������������������� $V�GLVFXVVHG�HDUOLHU�LQ�WKLV�63��WKHUH�LV�D�JURZLQJ�GDWD�EDVH�RI

HSLGHPLRORJLFDO�VWXGLHV�UHSRUWLQJ�DVVRFLDWLRQV�EHWZHHQ�LQFUHDVHG�DFXWH�UHVSLUDWRU\�UHODWHG

KRVSLWDO�DGPLVVLRQV�DQG�HOHYDWHG�2��OHYHOV�GXULQJ�WKH�VXPPHUWLPH���,Q�UHYLHZLQJ�WKH�VWXGLHV

UHSRUWLQJ�LQFUHDVHG�KRVSLWDO�DGPLVVLRQV�DVVRFLDWHG�ZLWK�HOHYDWHG�2��OHYHOV��RQO\�WKRVH�VWXGLHV

ZKLFK�DGHTXDWHO\�DGGUHVVHG�VWDWLVWLFDO�FRQIRXQGLQJ�E\�ORQJ�ZDYH�F\FOHV�LQ�UHVSLUDWRU\�KRVSLWDO



���

DGPLVVLRQV�ZHUH�FRQVLGHUHG�GXH�WR�FRQFHUQ�WKDW�KRVSLWDO�DGPLVVLRQV�DUH�FOHDUO\�GRPLQDWHG�E\

RWKHU�FDXVHV��H�J���VSULQJ�SROOHQ��IDOO�UHVSLUDWRU\�LQIHFWLRQ����7DEOH�9�����7DEOH������IURP�WKH

&'��VXPPDUL]HV�WKRVH�VWXGLHV�WKDW�PHW�WKLV�FULWHULRQ���7KH�FRQFHQWUDWLRQ�UHVSRQVH�UHODWLRQVKLSV

IRU�DFXWH�UHVSLUDWRU\�UHODWHG�KRVSLWDO�DGPLVVLRQV�IRU�DVWKPDWLFV�ZHUH�GHULYHG�EDVHG�RQ�RQH�RI

WKHVH�HSLGHPLRORJLFDO�VWXGLHV��7KXUVWRQ�HW�DO���������WKDW�H[DPLQHG�VHYHUDO�1HZ�<RUN�FLWLHV��

2QO\�WKH�GDWD�IRU�WKH�1HZ�<RUN�&LW\�SRSXODWLRQ�KDV�EHHQ�DQDO\]HG�IRU�WKH�ULVN�DVVHVVPHQW��

7KH�FKRLFH�RI�1HZ�<RUN�&LW\�ZDV�GULYHQ�E\�WKH�DYDLODELOLW\�RI�2��KRXUO\�YDOXHV�IRU�WKH�HQWLUH

2��VHDVRQ�XSRQ�DWWDLQPHQW�RI�DOWHUQDWLYH�VWDQGDUGV�ZKLFK�ZDV�SURGXFHG�IRU�HDFK�RI�WKH�QLQH

XUEDQ�DUHDV�DV�SDUW�RI�HIIRUW�WR�GHYHORS�H[SRVXUH�HVWLPDWHV���$V�VKRZQ�LQ�7DEOH�9�����WKH

HIIHFW�VL]H�REVHUYHG�LQ�RWKHU�FLWLHV�DQG�VWXGLHV�WKDW�XVHG�WKH�VDPH�2��LQGLFDWRU�DQG�JHQHUDO

DSSURDFK�UDQJHG�IURP�����WR�����DGPLVVLRQV�����SSE�2��GD\�����SHUVRQV�����������������

&RQFHQWUDWLRQ�UHVSRQVH�UHODWLRQVKLSV�DUH�DYDLODEOH�IRU�WRWDO�H[FHVV�UHVSLUDWRU\�UHODWHG

DGPLVVLRQV�RU�H[FHVV�UHVSLUDWRU\�UHODWHG�DGPLVVLRQV�IRU�DVWKPDWLFV�RQO\���,Q�WKLV�VHFWLRQ��H[FHVV

KRVSLWDO�DGPLVVLRQV�IRU�DVWKPDWLFV�DUH�VXPPDUL]HG���$GGLWLRQDO�HVWLPDWHV��LQFOXGLQJ�WRWDO

UHVSLUDWRU\�KRVSLWDO�DGPLVVLRQV��DUH�LQFOXGHG�LQ�$SSHQGL[�&�DQG�:KLWILHOG�HW�DO�����������7KH

6FKZDUW]�HW�DO�������D�E�F��VWXGLHV�IRFXV�RQ�RQO\�D�VXEVHW�RI�WKH�WRWDO�UHVSLUDWRU\�UHODWHG

KRVSLWDO�DGPLVVLRQV�DQG�ZHUH�QRW�DQDO\]HG�LQ�WKLV�ULVN�DVVHVVPHQW�������������������������������������

*LYHQ�WKH�ODFN�RI�H[SHULPHQWDO�KXPDQ�GDWD��(3$�VSRQVRUHG�DQ�HIIRUW�LQ�����������WR

GHYHORS�D�FKURQLF�OXQJ�LQMXU\�ULVN�DVVHVVPHQW�EDVHG�RQ�H[SHUWV
�MXGJPHQWV��:LQNOHU�HW�DO��

��������,Q�WKH�����������DVVHVVPHQW��WKH�H[SHUWV�ZHUH�H[SOLFLWO\�WROG�WKDW�WKHLU�MXGJPHQWV�ZHUH

QRW�EHLQJ�XVHG�DV�SDUW�RI�WKH�1$$46�UHYLHZ�SURFHVV��EXW�UDWKHU�WR�JDLQ�D�PRUH�JHQHUDO�LQVLJKW

LQWR�WKH�SRWHQWLDO�IRU�FKURQLF�HIIHFWV�LQ�DUHDV�ZLWK�VLJQLILFDQWO\�HOHYDWHG�2��OHYHOV���%DVHG�RQ

WKH�DJH�RI�WKLV�DQDO\VLV�DQG�DGYLFH�IURP�WKH�&$6$&�2��5HYLHZ�3DQHO��2$436�LV�QRW

FRQVLGHULQJ�WKH�UHVXOWV�IURP�WKLV�FKURQLF�ULVN�DVVHVVPHQW�LQ�WKH�FXUUHQW�1$$46�UHYLHZ�
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7DEOH�9������6XPPDU\�RI�(IIHFW�(VWLPDWHV�IRU�2]RQH�LQ�5HFHQW�6WXGLHV�RI
5HVSLUDWRU\�+RVSLWDO�$GPLVVLRQVD

/RFDWLRQ 5HIHUHQFH
5HVSLUDWRU\�$GPLVVLRQ

&DWHJRU\
(IIHFW�6L]H��p�6(�

>$GPLVVLRQV�����SSE�2��GD\���

1HZ�<RUN�&LW\��1<F 7KXUVWRQ�HW�DO�������� $OO ���� �p��

%XIIDOR��1<F 7KXUVWRQ�HW�DO�������� $OO ���� �p��

2QWDULR��&DQDGDF %XUQHWW�HW�DO�������� $OO ���� �p��

7RURQWR��&DQDGDF 7KXUVWRQ�HW�DO�������� $OO ���� �p��

0RQWUHDO��&DQDGDG 'HOILQR�HW�DO�������D� $OO ���� �p��

%LUPLQJKDP��$/H 6FKZDUW]������D� 3QHXPRQLD�LQ�HOGHUO\ ������p������

%LUPLQJKDP��$/H 6FKZDUW]������D� &23'�LQ�HOGHUO\ ������p������

'HWURLW��0,H 6FKZDUW]������E� 3QHXPRQLD�LQ�HOGHUO\ ������p������

'HWURLW��0,H 6FKZDUW]������E� &23'�LQ�HOGHUO\ ������p������

0LQQHDSROLV��01H 6FKZDUW]������F� 3QHXPRQLD�LQ�HOGHUO\ ������p������

0LQQHDSROLV��01H 6FKZDUW]������F� &23'�LQ�HOGHUO\ I

D6HH�$SSHQGL[�$�LQ�WKH�2]RQH�&ULWHULD�'RFXPHQW�IRU�DEEUHYLDWLRQV�DQG�DFURQ\PV�
E2QH�ZD\�� �p������6(��
F��K�GDLO\�PD[LPXP�R]RQH�GDWD�HPSOR\HG�LQ�DQDO\VLV�
G��K�GDLO\�PD[LPXP�R]RQH�GDWD�HPSOR\HG�LQ�DQDO\VLV�
H���K�GDLO\�DYHUDJH�R]RQH�GDWD�HPSOR\HG�LQ�DQDO\VLV������K����K�DYJ�UDWLR� �����DVVXPHG�WR�FRPSXWH�HIIHFWV�DQG�55
HVWLPDWHV��
I1RW�UHSRUWHG��QRQVLJQLILFDQW��
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0HWKRGRORJ\�IRU�'HYHORSLQJ�3UREDELOLVWLF�([SRVXUH�5HVSRQVH�5HODWLRQVKLSV���$�EULHI

VXPPDU\�RI�WKH�PHWKRGV�XVHG�WR�GHULYH�SUREDELOLVWLF�H[SRVXUH��DQG�FRQFHQWUDWLRQ�UHVSRQVH

UHODWLRQVKLSV�LV�GHVFULEHG�EHORZ���$�PRUH�GHWDLOHG�GHVFULSWLRQ�RI�WKH�PHWKRGRORJ\�FDQ�EH�IRXQG

LQ�:KLWILHOG�HW�DO��������������������������������������������������������������������������������������� 7KH

GHYHORSPHQW�RI�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�IRU�DFXWH�HQGSRLQWV�LV�D���VWHS�SURFHVV���7KH

VWDUWLQJ�SRLQW�LV�GDWD�IURP�WKH�ODERUDWRU\�H[SHULPHQWV�GHVFULEHG�DERYH���%HIRUH�GHYHORSLQJ�WKH

QHHGHG�SUREDELOLVWLF�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV���7KH�GDWD�ZHUH�FRUUHFWHG�IRU�H[HUFLVH�LQ

FOHDQ�DLU�LQ�DQ�HIIRUW�WR�UHPRYH�DQ\�V\VWHPDWLF�ELDV�WKDW�PLJKW�EH�SUHVHQW�LQ�WKH�GDWD

DWWULEXWDEOH�WR�DQ�H[HUFLVH�HIIHFW���*HQHUDOO\��WKLV�FRUUHFWLRQ�IRU�H[HUFLVH�LQ�FOHDQ�DLU�ZDV�VPDOO

UHODWLYH�WR�WKH�WRWDO�HIIHFWV�PHDVXUHG�LQ�WKH�2��H[SRVHG�FDVHV���7KHVH�GDWD�EHFRPH�WKH

REVHUYDWLRQV �VKRZQ�LQ�)LJ��9����DQG�LQGLFDWHG�E\�D���LQVLGH�D�FLUFOH�WR�GHQRWH�VWHS�������

6WHS���LV�WR�ILW�D�IXQFWLRQ�WR�WKH�GDWD�YLD�UHJUHVVLRQ�WHFKQLTXHV���7KLV�VWHS�LV�QHFHVVDU\

EHFDXVH�RI�WKH�QHHG�WR�HVWLPDWH�UHVSRQVH�UDWHV�DW�2��FRQFHQWUDWLRQV�WKDW�GLIIHU�IURP�WKRVH�DW

ZKLFK�ODERUDWRU\�GDWD�DUH�DYDLODEOH���������������������������������������������������������������������������

6WHS���LV�WR�GHYHORS��IRU�H[DPSOH��WKH�����FUHGLEOH�LQWHUYDO�DERXW�WKH�ILWWHG��SUHGLFWHG�

UHVSRQVH�UDWH�DW�2��FRQFHQWUDWLRQV�QHHGHG�IRU�WKH�ULVN�DVVHVVPHQW�FDOFXODWLRQV��L�H���WKRVH�XVHG

LQ�S1(0����7KLV�VWHS�FKDUDFWHUL]HV�XQFHUWDLQW\�DWWULEXWHG�WR�VDPSOLQJ�HUURU�EDVHG�RQ�VDPSOH

VL]H�FRQVLGHUDWLRQV���7KLV�XQFHUWDLQW\�ZDV�HVWLPDWHG�XVLQJ�D�%D\HVLDQ�DSSURDFK�LQYROYLQJ�WKH

DSSOLFDWLRQ�RI�WKH�LQYHUVH�EHWD�IXQFWLRQ�ZLWK�SDUDPHWHUV�;�DQG�1���;��ZKHUH�;�LV�WKH�SUHGLFWHG

UHVSRQVH�UDWH�DW�D�SDUWLFXODU�2��FRQFHQWUDWLRQ��DQG�1�LV�WKH�QXPEHU�RI�VXEMHFWV�DVVRFLDWHG�ZLWK

WKH�FKRVHQ�2��FRQFHQWUDWLRQ���7KH�����&,�LV�GHILQHG�E\�WKH������DQG������IUDFWLOHV����������������

������������������������������������������������������������������������������� )RU�WKH�ULVN�DVVHVVPHQW��UHVSRQVH

UDWHV�ZHUH�FDOFXODWHG�IRU����IUDFWLOHV��IRU�FXPXODWLYH�SUREDELOLWLHV�IURP������WR������LQ�VWHSV�RI

������SOXV�SUREDELOLWLHV�RI������DQG�������DW�D�QXPEHU�RI�2��FRQFHQWUDWLRQV�WKDW�GHSHQGHG�RQ

WKH�KHDOWK�HQGSRLQW���$�IXQFWLRQ�WKDW� EHVW�ILW �WKH�GDWD�ZDV�FKRVHQ�VXEMHFW�WR�WKH�FRQVWUDLQW

WKDW�OLQHDU�IXQFWLRQV�ZHUH�IDYRUHG��HVSHFLDOO\�ZKHQ�WKH�QXPEHU�RI�REVHUYDWLRQ�SRLQWV��L�H��2�

FRQFHQWUDWLRQV�DW�ZKLFK�ODERUDWRU\�GDWD�DUH�DYDLODEOH��ZDV�VPDOO���7KHUH�DUH�DV�IHZ�DV���XVHDEOH

REVHUYDWLRQ�SRLQWV�DQG�DV�PDQ\�DV���REVHUYDWLRQ�SRLQWV�IRU�WKH�HQGSRLQWV�H[DPLQHG�
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6RPH�LOOXVWUDWLYH�FRQFHQWUDWLRQ��DQG�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�IRU�VRPH�RI�WKH

HIIHFWV�H[DPLQHG�LQ�WKH�ULVN�DVVHVVPHQW�DUH�GLVSOD\HG�LQ�$SSHQGL[�&���$�WDEOH�OLVWLQJ�WKH

IXQFWLRQDO�IRUP�DQG�SDUDPHWHUV�IRU�DOO�RI�WKH�FRQFHQWUDWLRQ�UHVSRQVH�DQG�H[SRVXUH�UHVSRQVH

UHODWLRQVKLSV�LQFOXGHG�LQ�WKH�ULVN�DVVHVVPHQW�DOVR�LV�FRQWDLQHG�LQ�$SSHQGL[�&�DQG�GLVFXVVHG�LQ

PRUH�GHWDLO�LQ�:KLWILHOG�HW�DO���������

�2WKHU�VRXUFHV�RI�XQFHUWDLQW\�GXH�WR�GLIIHUHQFHV�LQ�H[SHULPHQWDO�SURWRFRO��VXEMHFW

SRSXODWLRQ��PHDVXUHPHQW�HUURU��HWF��KDYH�QRW�EHHQ�TXDQWLWDWLYHO\�DGGUHVVHG�IRU�WKHVH�DFXWH

KHDOWK�HQGSRLQWV���7KH�FDOFXODWLRQ�DQG�SUHVHQWDWLRQ�RI�VHSDUDWH�ULVN�HVWLPDWHV�IRU�HDFK�RI�WKH

WKUHH�KHDY\�H[HUWLRQ�GDWD�VHWV�SURYLGHV�D�URXJK�SLFWXUH�RI�WKH�GHJUHH�RI�XQFHUWDLQW\�GXH�WR�WKHVH

RWKHU�IDFWRUV�EHFDXVH�WKLV�KHDOWK�HQGSRLQW�ZDV�H[DPLQHG�LQ�PRUH�WKDQ�RQH�VWXG\����

�� %HQFKPDUN�5LVN�5HVXOWV

)RU�WKH�2��KHDOWK�ULVN�DVVHVVPHQW�WKH�EHQFKPDUN�ULVN�LV�GHILQHG�DV�WKH�SUREDELOLW\�WKDW�

XSRQ�MXVW�DWWDLQLQJ�D�JLYHQ�2��1$$46��WKH�GDLO\�PD[LPXP���KU��RU���KU��FRQFHQWUDWLRQ�ZLOO

HTXDO�RU�H[FHHG�WKH�OHYHO�WKDW�ZRXOG�FDXVH���RU�����RI�WKH�SRSXODWLRQ�RI�LQWHUHVW��H�J��RXWGRRU

ZRUNHUV��RXWGRRU�FKLOGUHQ��RU�WKH�JHQHUDO�SRSXODWLRQ��WR�H[KLELW�SDUWLFXODU�KHDOWK�HQGSRLQWV��

RU�PRUH�WLPHV�SHU�\HDU���7KH�EHQFKPDUN�ULVN�LV�HVWLPDWHG�DVVXPLQJ�WKH�HQWLUH�VHQVLWLYH

SRSXODWLRQ�LV�H[SRVHG�XQGHU�H[HUWLRQ�OHYHOV�DVVRFLDWHG�ZLWK�D�SDUWLFXODU�HIIHFW��� %HQFKPDUN

ULVN�LV�PHDVXUHG�LQ�H[FHVV�RI�WKDW�ZKLFK�ZRXOG�RFFXU�XQGHU�EDFNJURXQG�FRQGLWLRQV�EHFDXVH��D�

RQO\�2��OHYHOV�DERYH�EDFNJURXQG�DUH�DPHQDEOH�WR�KXPDQ�FRQWURO�DQG��E��LW�LV�GLIILFXOW�WR

UHOLDEO\�HVWLPDWH�WKH�YHU\�VPDOO��K\SHUVHQVLWLYH�IUDFWLRQ�RI�WKH�SRSXODWLRQ�HQJDJHG�LQ�PRGHUDWH

RU�KHDY\�H[HUWLRQ�WKDW�PLJKW�UHVSRQG�DW�2��OHYHOV�DW�RU�EHORZ�EDFNJURXQG���:KLOH�EDFNJURXQG

2��OHYHOV�FDQ�YDU\�GXULQJ�WKH�GD\�DQG�IURP�GD\�WR�GD\��IRU�WKH�SXUSRVHV�RI�WKLV�ULVN

DVVHVVPHQW�������SSP�LV�XVHG�DV�D�UHDVRQDEOH�HVWLPDWH�RI�WKH�EDFNJURXQG�OHYHO�IRU�ERWK����DQG

��KU�GDLO\�PD[LPXP�FRQFHQWUDWLRQV�H[SHULHQFHG�RQ�D�W\SLFDO�2��VHDVRQ�GD\�

%HQFKPDUN�ULVN�LV�FDOFXODWHG�E\�FRPELQLQJ�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�DQG

SUREDELOLW\�GLVWULEXWLRQV�RI�GDLO\�PD[LPXP����RU���KU�2��DPELHQW�FRQFHQWUDWLRQV��EDVHG�RQ

FRQGLWLRQV�RI�H[DFW�DWWDLQPHQW�RI�DOWHUQDWLYH�1$$46���7KH�EHQFKPDUN�ULVN�PRGHO�DQG�PRUH

GHWDLOHG�GLVFXVVLRQ�RI�WKH�LQSXWV�WR�WKH�PRGHO�DUH�FRQWDLQHG�LQ�:KLWILHOG�HW�DO���������

%HQFKPDUN�ULVN�HVWLPDWHV�DUH�FDOFXODWHG�IRU�WKH���XUEDQ�DUHDV�VKRZQ�LQ�7DEOH�9����

)LJXUH�9����VKRZV�WKH�EHQFKPDUN�ULVN�HVWLPDWHV�IRU�3KLODGHOSKLD�IRU�WKH���KU��PRGHUDWH



���

H[HUWLRQ�KHDOWK�HQGSRLQW�GHILQHG�DV�)(9��GHFUHPHQWV�!�������7KH�VROLG�YHUWLFDO�EDUV�LQGLFDWH

WKH�SUREDELOLW\�WKDW�XSRQ�DWWDLQLQJ�D�JLYHQ�DOWHUQDWLYH�VWDQGDUG�2��OHYHOV�ZLOO�EH�H[FHHGHG�ILYH

RU�PRUH�WLPHV�LQ�D�VHDVRQ�WKDW�ZRXOG�UHVXOW�LQ����RI�WKH�SRSXODWLRQ�H[SHULHQFLQJ�WKLV�HQGSRLQW

LI�WKH\�ZHUH�H[SRVHG�ZKLOH�HQJDJHG�LQ�PRGHUDWH�H[HUWLRQ���7KH�GDVKHG�YHUWLFDO�EDUV�UHSUHVHQW�D

VLPLODU�PHDVXUH��EXW�IRU�����RI�WKH�SRSXODWLRQ�H[SHULHQFLQJ�WKH�VSHFLILHG�HQGSRLQW���)RU

H[DPSOH��DWWDLQLQJ�WKH��+�(;������SSP�VWDQGDUG�UHVXOWV�LQ�D�EHQFKPDUN�ULVN�SUREDELOLW\�RI

DURXQG������WKDW����RI�WKH�SRSXODWLRQ�ZRXOG�H[SHULHQFH�DQ�)(9��GHFUHPHQW�!�����DQG�WKH

SUREDELOLW\�LV�DERXW�����WKDW�����RI�WKH�SRSXODWLRQ�ZRXOG�H[SHULHQFH�WKLV�VDPH�KHDOWK

UHVSRQVH��LI�WKH�SRSXODWLRQ�ZHUH�H[SRVHG�WR�WKHVH�2��OHYHOV�ZKLOH�HQJDJHG�LQ�PRGHUDWH

H[HUWLRQ��

%HQFKPDUN�ULVN�HVWLPDWHV�IRU�VHOHFWHG�KHDOWK�HQGSRLQWV�DUH�SUHVHQWHG�LQ�$SSHQGL[�&��

$GGLWLRQDO�KHDOWK�HQGSRLQWV�DUH�LQFOXGHG�LQ�:KLWILHOG�HW�DO���������

�� 3RSXODWLRQ���+HDGFRXQW���5LVN�5HVXOWV

3RSXODWLRQ��RU��KHDGFRXQW���ULVN�LV�FKDUDFWHUL]HG�E\�FDOFXODWLQJ�WKH�QXPEHU�RI�SHRSOH

H[SHULHQFLQJ�D�GHILQHG�HIIHFW�DQG�WKH�H[SHFWHG�QXPEHU�RI�LQFLGHQFHV�RI�WKDW�HIIHFW�SURMHFWHG�WR

RFFXU�GXULQJ�WKH�2��VHDVRQ��JLYHQ�WKDW�D�SDUWLFXODU�1$$46�LV�MXVW�DWWDLQHG���5LVN�HVWLPDWHV

KDYH�EHHQ�GHYHORSHG�IRU�WKH�JHQHUDO�SRSXODWLRQ�DQG�IRU�WZR�JURXSV�H[SHFWHG�WR�EH�DW�JUHDWHU

ULVN�GXH�WR�WKHLU�LQFUHDVHG�DFWLYLW\�RU�H[HUWLRQ�OHYHO�RXWGRRUV�GXULQJ�WKH�2��VHDVRQ��RXWGRRU

ZRUNHUV�DQG�RXWGRRU�FKLOGUHQ�

� $�PDMRU�LQSXW�WR�WKH�KHDGFRXQW�ULVN�PRGHO�LV�WKH�VHULHV�RI�SRSXODWLRQ�H[SRVXUH

GLVWULEXWLRQV�IRU�WKH�DOWHUQDWLYH�1$$46�DQDO\]HG�E\�(3$���8VLQJ�DYDLODEOH�H[SRVXUH

HVWLPDWHV��ULVN�HVWLPDWHV�ZHUH�FDOFXODWHG�IRU�WKH�QLQH�XUEDQ�DUHDV�OLVWHG�LQ�7DEOH�9�����)RU���KU

H[SRVXUHV�XQGHU�PRGHUDWH�H[HUWLRQ��RXWGRRU�FKLOGUHQ�UHSUHVHQW�WKH�SRSXODWLRQ�JURXS

H[SHULHQFLQJ�WKH�JUHDWHVW�H[SRVXUH��DQG��WKHUHIRUH��WKLV�SRSXODWLRQ�DOVR�KDV�WKH�KLJKHVW�ULVN

HVWLPDWHV�LQ�WHUPV�RI�WKH�SHUFHQW�RI�WKH�SRSXODWLRQ�HVWLPDWHG�WR�UHVSRQG���7KHUHIRUH��WKH

UHPDLQGHU�RI�WKLV�VHFWLRQ�IRFXVHV�RQ�WKH�ULVN�HVWLPDWHV�IRU�RXWGRRU�FKLOGUHQ���:KLWILHOG�HW�DO�

�������SUHVHQWV�D�PRUH�FRPSOHWH�VXPPDU\�RI�WKH�KHDGFRXQW�ULVN�HVWLPDWHV�IRU�HDFK�RI�WKH�

QLQH�XUEDQ�DUHDV�IRU�RXWGRRU�FKLOGUHQ�DQG�RXWGRRU�ZRUNHUV���7R�LOOXVWUDWH�WKH�W\SH�RI�ULVN
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DVVHVVPHQW�RXWSXW�WKDW�LV�DYDLODEOH��)LJXUH�9����VKRZV�FXPXODWLYH�SUREDELOLW\�GLVWULEXWLRQV

FRUUHVSRQGLQJ�WR�MXVW�DWWDLQLQJ�DOWHUQDWLYH�2��VWDQGDUGV��IRU�WZR�RI�WKH���KU��PRGHUDWH�H[HUWLRQ

FDVHV��SHUFHQW�RI�RXWGRRU�FKLOGUHQ�HVWLPDWHG�WR�KDYH���RU�PRUH�RFFXUUHQFHV�RI�)(9��GHFUHPHQW

!�����DQG�SHUFHQW�RI�RXWGRRU�FKLOGUHQ�HVWLPDWHG�WR�KDYH���RU�PRUH�RFFXUUHQFHV�RI�)(9�

GHFUHPHQW�!�����LQ�3KLODGHOSKLD���7KLV�ILJXUH�VKRZV��IRU�H[DPSOH��WKDW�MXVW�DWWDLQLQJ�WKH

�+�(;������SSP�VWDQGDUG�LQ�3KLODGHOSKLD�UHVXOWV�LQ�D�PHGLDQ�������SUREDELOLW\�WKDW�DERXW

�������RXWGRRU�FKLOGUHQ�ZRXOG�H[SHULHQFH�)(9��GHFUHPHQWV�!�������:KHQ�WKH�KHDOWK

HQGSRLQW�RI�LQWHUHVW�LV�GHILQHG�DV�)(9��GHFUHPHQW�!������WKH�PHGLDQ�SUREDELOLW\�LV�WKDW�DERXW

�������RXWGRRU�FKLOGUHQ�ZRXOG�H[SHULHQFH�WKLV�HIIHFW���7KHVH�ULVN�HVWLPDWHV�DUH�IRU�WKH�QXPEHU

RI�FKLOGUHQ�H[SHULHQFLQJ�2��LQGXFHG�RFFXUUHQFHV�LQ�H[FHVV�RI�HVWLPDWHG�EDFNJURXQG�OHYHOV

GXULQJ�D�VLQJOH�2��VHDVRQ�IRU�WKH�3KLODGHOSKLD�XUEDQ�DUHD���7KH�YDULDWLRQ�GXH�WR�WKH����GLIIHUHQW

S1(0�2��UXQV�IRU�HDFK�DOWHUQDWLYH�VWDQGDUG�KDV�EHHQ�FROODSVHG�LQWR�D�VLQJOH�UHSUHVHQWDWLYH

GLVWULEXWLRQ�LQ�RUGHU�WR�EHWWHU�H[DPLQH�WKH�GLIIHUHQFHV�EHWZHHQ�DOWHUQDWLYH�VWDQGDUGV��

7KH�WRS�GLDJUDP�LQ�)LJXUH�9����VKRZV�RXWGRRU�FKLOGUHQ�OLYLQJ�LQ�3KLODGHOSKLD

HVWLPDWHG�WR�H[SHULHQFH�OXQJ�IXQFWLRQ�GHFUHPHQWV�!�����RQH�RU�PRUH�WLPHV�LQ�DQ�2��VHDVRQ

XQGHU�PRGHUDWH�H[HUWLRQ�IRU�DQ���KU�DYHUDJLQJ�WLPH���6LQFH�DQ\�LQGLYLGXDO�PD\�H[SHULHQFH

PXOWLSOH�RFFXUUHQFHV�RI�DQ�HIIHFW��ULVN�HVWLPDWHV�DOVR�KDYH�EHHQ�GHYHORSHG�IRU�WRWDO�RFFXUUHQFHV

RI�D�VSHFLILHG�HIIHFW���7KH�ERWWRP�GLDJUDP�LQ�)LJXUH�9����GLVSOD\V�WRWDO�RFFXUUHQFHV�RI�WKLV

VDPH�UHVSRQVH�DPRQJ�RXWGRRU�FKLOGUHQ�OLYLQJ�LQ�3KLODGHOSKLD���$V�DQ�H[DPSOH��)LJXUH�9���

VKRZV�IRU�WKDW�MXVW�DWWDLQLQJ�WKH��+�(;������SSP�VWDQGDUG�LQ�3KLODGHOSKLD�UHVXOWV�LQ�D�PHGLDQ

������SUREDELOLW\�WKDW�DERXW��������RXWGRRU�FKLOGUHQ�ZRXOG�H[SHULHQFH�)(9��GHFUHPHQWV�!

����DQG�D�PHGLDQ�SUREDELOLW\�WKDW�WKHUH�ZRXOG�EH���������WRWDO�RFFXUUHQFHV�RI�WKLV�HIIHFW��

7KLV�UHVXOWV�LQ�DQ�HVWLPDWHG�DYHUDJH�QXPEHU�RI�RFFXUUHQFHV�RI�HLJKW�SHU�RXWGRRU�FKLOG�IRU�WKLV

HQGSRLQW�

7KH�UDWLRV�IRU�WKH�PHDQ�QXPEHU�RI�RFFXUUHQFHV�DQG�PHDQ�QXPEHUV�RI�RXWGRRU�FKLOGUHQ

UHVSRQGLQJ�KDYH�EHHQ�FDOFXODWHG�IRU�WKUHH�KHDOWK�HQGSRLQWV��)(9��GHFUHPHQWV�≥�����DQG�≥

����IRU���KRXU�H[SRVXUHV�XQGHU�PRGHUDWH�H[HUWLRQ�DQG�PRGHUDWH�RU�VHYHUH�3',�IRU���KRXU
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H[SRVXUHV�XQGHU�PRGHUDWH�H[HUWLRQ��DFURVV�WKH�QLQH�XUEDQ�DUHDV�IRU�ILYH�DLU�TXDOLW\�VFHQDULRV

��+�(;������SSP���+�(;������SSP���+�(;������SSP���+�(;������SSP���+�(;�����

SSP����)LJXUHV�&����WKURXJK�&����LQ�$SSHQGL[�&�GLVSOD\�WKHVH�UDWLRV���7KHVH�UDWLRV�SURYLGH�DQ

HVWLPDWH�RI�WKH�DYHUDJH�QXPEHU�RI�WLPHV�WKDW�D�UHVSRQGHU�ZRXOG�H[SHULHQFH�WKH�VSHFLILHG�HIIHFW

GXULQJ�DQ�2��VHDVRQ���)RU�WKH�WZR���KU�PRGHUDWH�H[HUWLRQ�HQGSRLQWV��WKH�UDWLR�UDQJHV�IURP

DERXW���WR�����IRU�)(9��GHFUHPHQWV�≥�����DQG�IURP�DERXW���WR�����IRU�)(9��GHFUHPHQWV�≥

����DFURVV�WKH�QLQH�XUEDQ�DUHDV���)RU�WKH���KU�PRGHUDWH�H[HUWLRQ�HQGSRLQW�GHILQHG�DV

PRGHUDWH�WR�VHYHUH�3',��WKH�UDWLR�UDQJHV�IURP�DERXW���WR����RFFXUUHQFHV�SHU�UHVSRQGHU�DFURVV

WKH�QLQH�XUEDQ�DUHDV���7KHUH�LV�QR�FRQVLVWHQW�RUGHULQJ�RU�SDWWHUQ�LQ�WKH�UDWLRV�DV�RQH�FRPSDUHV

DOWHUQDWLYH�VFHQDULRV�DFURVV�WKH�GLIIHUHQW�XUEDQ�DUHDV���,Q�DGGLWLRQ��WKHUH�LV�QR�FRQVLVWHQW�SDWWHUQ

WR�WKH�UDWLRV�DPRQJ�WKH�DOWHUQDWLYH�VFHQDULRV�H[DPLQHG������

,Q�RUGHU�WR�IDFLOLWDWH�FRPSDULVRQ�RI�ULVN�HVWLPDWHV�DFURVV�WKH���XUEDQ�DUHDV��D�FHQWUDO

WHQGHQF\�ULVN�HVWLPDWH��WKH�PHGLDQ�YDOXHV��IRU�RXWGRRU�FKLOGUHQ�IRU�WKH�DFXWH����DQG���KU

PRGHUDWH�H[HUWLRQ�DQG���KU�KHDY\�H[HUWLRQ��KHDOWK�HQGSRLQWV�KDYH�EHHQ�LQFOXGHG�LQ�7DEOHV�9�

����9�����DQG�9����UHVSHFWLYHO\���7KH�UDQJH�RI�ULVN�HVWLPDWHV�LQ�HDFK�FHOO�LQ�WKHVH�WDEOHV

LQGLFDWHV�WKH�YDULDELOLW\�LQ�ULVN�WKDW�RFFXUV�DV�RQH�FRPSDUHV�WKH�QLQH�GLIIHUHQW�XUEDQ�DUHDV���7KH

UDQJH�RI�ULVN�HVWLPDWHV�PD\�EH�GXH�WR�GLIIHUHQFHV�LQ�WKH�VKDSH�RI�WKH�2��DLU�TXDOLW\�GLVWULEXWLRQV

DPRQJ�WKH�QLQH�XUEDQ�DUHDV��GLIIHUHQFHV�LQ�H[SRVXUH�GXH�WR�GLIIHUHQW�OHYHOV�RI�DLU�FRQGLWLRQLQJ

XVH�LQ�HDFK�XUEDQ�DUHD��RU�RWKHU�GLIIHUHQFHV�LQ�WKH�H[SRVXUH�HVWLPDWHV�VXFK�DV�WKH�VSDWLDO�SDWWHUQ

RI�SRSXODWLRQ�UHVLGHQFHV�

�� ([FHVV�5HVSLUDWRU\�5HODWHG�+RVSLWDO�$GPLVVLRQV�

$V�GLVFXVVHG�HDUOLHU�LQ�WKLV�VHFWLRQ��VHYHUDO�HSLGHPLRORJ\�VWXGLHV��PDLQO\�FRQGXFWHG�LQ

QRUWKHDVWHUQ�8�6��DQG�VRXWKHDVWHUQ�&DQDGD��KDYH�UHSRUWHG�H[FHVV�GDLO\�UHVSLUDWRU\�UHODWHG

KRVSLWDO�DGPLVVLRQV�EHLQJ�DVVRFLDWHG�ZLWK�HOHYDWHG�2��OHYHOV�GXULQJ�WKH�2��VHDVRQ��VHH

7DEOH�9�������7R�JDLQ�LQVLJKW�LQWR�WKH�SRVVLEOH�LPSDFW�RI�MXVW�DWWDLQLQJ�DOWHUQDWLYH����DQG���KU

2��VWDQGDUGV��2$436�DQG�$1/�KDYH�GHYHORSHG�D�ULVN�PRGHO�IRU�WKLV�HQGSRLQW�IRU�WKH�1HZ

<RUN�&LW\�SRSXODWLRQ���7KH�PRGHO�LV�EDVHG�RQ�WKH�UHJUHVVLRQ�FRHIILFLHQWV��DQG�WKH

FRUUHVSRQGLQJ�VWDQGDUG�HUURUV��GHYHORSHG�E\�7KXUVWRQ�HW�DO���������IRU�1HZ�<RUN�&LW\�DQG
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HVWLPDWHG�GDLO\�PD[LPXP�KRXUO\�DYHUDJH�2��OHYHOV�RYHU�DQ�HQWLUH�VHDVRQ�DW�YDULRXV�PRQLWRUV

LQ�1HZ�<RUN�&LW\�XSRQ�DWWDLQPHQW�RI�DOWHUQDWLYH�VWDQGDUGV�GHYHORSHG�E\�,7�$46�IRU�WKH

S1(0�2��DQDO\VHV���6LQFH�WKH�RULJLQDO�SXEOLVKHG�DQDO\VLV�RQO\�H[DPLQHG�WKH�UHODWLRQVKLS�RI

H[FHVV�KRVSLWDO�DGPLVVLRQV�DQG�GDLO\�PD[LPXP���KU�2��FRQFHQWUDWLRQV��ZH�DUH�XQDEOH�WR

DGGUHVV�DW�WKLV�WLPH�WKH�UHODWLRQVKLS�EHWZHHQ���KU�GDLO\�PD[LPXP�2��FRQFHQWUDWLRQV�DQG

H[FHVV�KRVSLWDO�DGPLVVLRQV�IRU�WKH�1HZ�<RUN�DUHD���+RZHYHU��'HOILQR�HW�DO���������UHSRUW�D

VLPLODU�HIIHFW�VL]H�LQ�WKHLU�VWXG\�LQYROYLQJ�H[FHVV�KRVSLWDO�DGPLVVLRQV�ZKHUH�WKH\�XVHG�WKH���KU

GDLO\�PD[LPXP�2��FRQFHQWUDWLRQ�RQ�WKH�GD\�SULRU�WR�DGPLVVLRQ���� 7KXUVWRQ�HW�DO��������

GHYHORSHG�UHJUHVVLRQ�FRHIILFLHQWV�IRU�WZR�W\SHV�RI�UHVSLUDWRU\�DGPLVVLRQV������IRU�DVWKPDWLFV

RQO\�DQG�����IRU�WRWDO�UHVSLUDWRU\�UHODWHG�DGPLVVLRQV���6LQFH�WKH�UHVXOWV�DUH�IDLUO\�VLPLODU��RQO\

WKH�ULVN�HVWLPDWHV�IRU�DVWKPD�DGPLVVLRQV�DUH�SUHVHQWHG�KHUH���7KH�UHJUHVVLRQ�FRHIILFLHQW������

DGPLVVLRQV�SSP�2������SHRSOH��IRU�H[FHVV�KRVSLWDO�DGPLVVLRQV�IRU�DVWKPDWLFV�DQG�LWV�VWDQGDUG

HUURU������DGPLVVLRQV�SSP�2������SHRSOH��ZHUH�XVHG�WR�GHILQH�D�SUREDELOLVWLF�FRQFHQWUDWLRQ�

UHVSRQVH�UHODWLRQVKLS���$���GD\�ODJ�LV�DVVRFLDWHG�ZLWK�2��H[SRVXUH�DQG�WKH�VXEVHTXHQW

DGPLVVLRQV�RI�DVWKPDWLFV���7KH�PRGHO�LV�GHVFULEHG�LQ�PRUH�GHWDLO�LQ�6HFWLRQ���RI�:KLWILHOG�HW

DO���������

2QH�KRXU�GDLO\�PD[LPXP�2��FRQFHQWUDWLRQV�IRU�RQH�2��VHDVRQ�XQGHU�YDULRXV

DOWHUQDWLYH�DLU�TXDOLW\�VWDQGDUGV�ZHUH�XVHG�WR�HVWLPDWH�WKH�QXPEHU�RI�H[FHVV��L�H���DWWULEXWDEOH

WR�2��FRQFHQWUDWLRQV�KLJKHU�WKDQ�EDFNJURXQG��UHVSLUDWRU\�UHODWHG�DGPLVVLRQV�RI�DVWKPDWLFV��

5LVN�HVWLPDWHV�KDYH�EHHQ�SUHSDUHG�XVLQJ���GLIIHUHQW�PRQLWRUV�LQ�WKH�1HZ�<RUN�&LW\�DUHD

�4XHHQV�PRQLWRU����*UHHQZLFK�PRQLWRU����:KLWH�3ODLQV�PRQLWRU�����DQG�%DE\ORQ�PRQLWRU

������7KH�2��FRQFHQWUDWLRQ�UHVSRQVH�UHODWLRQVKLS�GHYHORSHG�E\�7KXUVWRQ�HW�DO���������ZDV

EDVHG�RQ�DLU�TXDOLW\�GDWD�IURP�WKH�4XHHQV�PRQLWRU���7KHUHIRUH��WKH�ULVN�HVWLPDWHV�EDVHG�RQ�WKH

4XHHQV�&RXQW\�PRQLWRU�PRVW�FORVHO\�UHSUHVHQW�WKH�DLU�TXDOLW\�LQGH[�XVHG�LQ�WKH�RULJLQDO�VWXG\�

�,Q�HDFK�DQDO\VLV��WKH�DLU�TXDOLW\�ZDV�DGMXVWHG�WR�MXVW�DWWDLQLQJ�D�SDUWLFXODU�VWDQGDUG�DW�WKH

PRQLWRU�ZLWK�WKH�KLJKHVW�2��OHYHOV�IRU�WKH�1HZ�<RUN�DUHD��L�H���WKH�%DE\ORQ�PRQLWRU��DQG�WKH

2��OHYHOV�ZHUH�DGMXVWHG�DW�WKH�RWKHU�PRQLWRUV�XVLQJ�WKH�SURFHGXUHV�GHVFULEHG�LQ�-RKQVRQ�HW�DO�

�����E��

7KH�PHGLDQ�HVWLPDWH�RI�WKH�FRQFHQWUDWLRQ�UHVSRQVH�UHODWLRQVKLS�DQG�WKH������DQG�����

IUDFWLOHV�HVWLPDWHV�IRU�2��LQGXFHG��H[FHVV�UHVSLUDWRU\�DGPLVVLRQV�IRU�DVWKPDWLFV�LQ�1HZ

<RUN�&LW\�DUH�VKRZQ�LQ�)LJXUH�9������)LJXUH�9����GLVSOD\V�WKH�FXPXODWLYH�SUREDELOLW\
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IXQFWLRQ�IRU�H[FHVV�DQQXDO�KRVSLWDO�DGPLVVLRQV�DWWULEXWDEOH�WR�2��IRU�DVWKPDWLFV��FRUUHFWHG�IRU

EDFNJURXQG�2��RI������SSP��IRU�HDFK�RI�QLQH�DLU�TXDOLW\�VFHQDULRV����6LPLODU�HVWLPDWHV�DOVR�DUH

DYDLODEOH�IRU�H[FHVV�WRWDO�UHVSLUDWRU\�UHODWHG�DGPLVVLRQV�DWWULEXWDEOH�WR�2��H[SRVXUH�DQG�DUH

LQFOXGHG�LQ�:KLWILHOG�HW�DO���������

7KH�KRVSLWDO�DGPLVVLRQV�ULVN�PRGHO�SURGXFHV�D�PHGLDQ�HVWLPDWH�RI�QHDUO\�����H[FHVV

DQQXDO�DGPLVVLRQV��FRUUHFWHG�IRU�EDFNJURXQG��IRU�WKH�������$V�,V��VFHQDULR�XVLQJ�WKH�4XHHQV

PRQLWRU�DQG�����GD\�2��VHDVRQ���7KXUVWRQ�HW�DO���������H[DPLQHG�XQVFKHGXOHG�DGPLVVLRQV

GXULQJ�D���PRQWK�SHULRG�LQ��������:KHQ�WKH�KRVSLWDO�DGPLVVLRQV�ULVN�PRGHO�LV�OLPLWHG�WR�WKH

VDPH�WLPH�SHULRG�XVHG�LQ�WKH�RULJLQDO�VWXG\�DQG�ZLWK�EDFNJURXQG�VHW�DW���SSP��WKH�DSSURDFK

XVHG�LQ�7KXUVWRQ�HW�DO�����������QHDUO\�LGHQWLFDO�H[FHVV�GDLO\�DGPLVVLRQV�HVWLPDWHV�DUH�REWDLQHG

�����SHU�GD\��V�G����������

7R�H[DPLQH�WKH�LPSDFW�RI�XVLQJ�DOWHUQDWLYH�PRQLWRUV�WR�VHUYH�DV�WKH�EDVLV�IRU�DQ�2�

LQGH[�IRU�WKH�1HZ�<RUN�&LW\�DUHD�SRSXODWLRQ��WKH�ULVN�HVWLPDWHV�IRU�DVWKPDWLFV�DQG�WRWDO

UHVSLUDWRU\�KRVSLWDO�DGPLVVLRQV�DOVR�KDYH�EHHQ�FDOFXODWHG�XVLQJ�RWKHU�PRQLWRUV�DQG�DUH

LQFOXGHG�LQ�:KLWILHOG�HW�DO���������

)RFXVLQJ�RQ�WKH�HVWLPDWHV�EDVHG�RQ�WKH�4XHHQV�&RXQW\�PRQLWRULQJ�VLWH��WKH�PHGLDQ

HVWLPDWH�IRU�2��LQGXFHG�KRVSLWDO�DGPLVVLRQV�IRU�DVWKPDWLFV�LQ�WKH�1HZ�<RUN�&LW\�DUHD�LV�DERXW

���������FUHGLEOH�LQWHUYDO��&�,��� ���������XSRQ�DWWDLQLQJ�WKH�FXUUHQW��+�(;������SSP

VWDQGDUG���7KLV�UHSUHVHQWV�D�QHDUO\�����GHFUHDVH�LQ�2��LQGXFHG�DGPLVVLRQV�GXH�WR

FRQFHQWUDWLRQV�LQ�H[FHVV�RI�DQ�HVWLPDWHG������SSP�EDFNJURXQG�FRPSDUHG�WR�WKH�$V�,V

VFHQDULR���,W�LV�HVWLPDWHG�WKDW�DWWDLQLQJ�DQ��+�(;������SSP�VWDQGDUG�ZRXOG�UHGXFH�2��LQGXFHG

H[FHVV�KRVSLWDO�DGPLVVLRQV�WR�DERXW����������&�,�� ���������ZKLFK�UHSUHVHQWV�D����

GHFUHDVH�LQ�2��LQGXFHG�DGPLVVLRQV�IURP�WKH�$V�,V�VFHQDULR�GXH�WR�FRQFHQWUDWLRQV�LQ�H[FHVV�RI

WKH�HVWLPDWHG������SSP�EDFNJURXQG�

7KHUH�LV�YHU\�OLWWOH�GLIIHUHQFH�LQ�WKH�ULVN�HVWLPDWHV�IRU�H[FHVV�KRVSLWDO�DGPLVVLRQV

EHWZHHQ�WKH����DQG���H[SHFWHG�H[FHHGDQFH�VWDQGDUGV�VHW�DW�WKH�VDPH�FRQFHQWUDWLRQ�OHYHO��
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)RU�H[DPSOH��WKH�PHGLDQ�ULVN�HVWLPDWH�LV����������&�,�� ���������IRU�WKH��+�(;������SSP

VWDQGDUG�DQG����������&�,�� ���������IRU�WKH��+�(;������SSP�VWDQGDUG��

,W�VKRXOG�EH�UHFRJQL]HG�WKDW�HVWLPDWHG�2��LQGXFHG�KRVSLWDO�DGPLVVLRQV�UHSUHVHQWV�RQO\�D

VPDOO�SRUWLRQ�RI�WKH�RYHUDOO�UHVSLUDWRU\�UHODWHG�KRVSLWDO�DGPLVVLRQV�IRU�DVWKPDWLFV�IURP�DOO

FDXVHV���$QRWKHU�ZD\�WR�H[DPLQH�WKH�ULVN�UHVXOWV�ZKLFK�KLJKOLJKWV�WKLV�SRLQW�LV�SUHVHQWHG�LQ

7DEOH�9������7KH�H[FHVV�DGPLVVLRQV�FRPH�IURP�WKH�KRVSLWDO�DGPLVVLRQV�ULVN�PRGHO���7KH

HVWLPDWHV�IRU�DVWKPDWLF�UHVSLUDWRU\�UHODWHG�KRVSLWDO�DGPLVVLRQV�GXH�WR�DOO�FDXVHV�DUH�EDVHG�RQ

����WKH�������WKRXVDQG�DGPLVVLRQV�SHU�2��VHDVRQ�HVWLPDWHV�SURYLGHG�E\�7KXUVWRQ��������DQG

����H[FHVV�DGPLVVLRQV�DWWULEXWDEOH�WR�H[SRVXUHV�DW�2��OHYHOV�!������SSP���$V�H[SHFWHG�DV�WKH

SRSXODWLRQ�EDVH�IRU�FRPSDULVRQ�LQFUHDVHV�WKH�SHUFHQWDJH�FKDQJH�UHODWLYH�WR�DGPLVVLRQV

DVVRFLDWHG�ZLWK�WKH�FXUUHQW���KU�VWDQGDUG�GHFUHDVHV�VXEVWDQWLDOO\���)RU�H[DPSOH��WKH�H[FHVV

DGPLVVLRQV�DVVRFLDWHG�ZLWK�FRQFHQWUDWLRQV�H[FHHGLQJ�D������EDFNJURXQG�UHVXOWV�LQ�D����

UHGXFWLRQ�LQ�DGPLVVLRQV�IRU�WKH��+�(;������SSP�VWDQGDUG�UHODWLYH�WR�MXVW�DWWDLQLQJ�WKH�FXUUHQW

�+�(;������SSP�VWDQGDUG���+RZHYHU��WKLV�UHSUHVHQWV�RQO\�D�����UHGXFWLRQ�LQ�2��LQGXFHG

H[FHVV�KRVSLWDO�DGPLVVLRQV�ZKHQ�WKH�FRQWULEXWLRQ�RI�DOO�2��FRQFHQWUDWLRQV�DUH�FRQVLGHUHG��L�H��

EDFNJURXQG�LV�VHW�HTXDO�WR���SSP����)LQDOO\��LI�WKH�FRPSDULVRQ�LV�PDGH�LQ�WHUPV�RI�DOO

UHVSLUDWRU\�UHODWHG�DGPLVVLRQV�GXULQJ�WKH�2��VHDVRQ��WKH�UHGXFWLRQ�DVVRFLDWHG

ZLWK�DWWDLQLQJ�WKH��+�(;������SSP�VWDQGDUG�UHODWLYH�WR�WKH�FXUUHQW��+�(;������SSP�VWDQGDUG

LV�RQO\�����SHUFHQW���

�� $VVXPSWLRQV�DQG�/LPLWDWLRQV�$VVRFLDWHG�ZLWK�WKH�+HDOWK�5LVN�$VVHVVPHQW

7KLV�VHFWLRQ�EULHIO\�VXPPDUL]HV�D�QXPEHU�RI�DVVXPSWLRQV�DQG�OLPLWDWLRQV�VKRXOG�EH�NHSW

LQ�PLQG�LQ�LQWHUSUHWLQJ�UHVXOWV�RI�WKH�2��KHDOWK�ULVN�DVVHVVPHQW���$�IXOOHU�GLVFXVVLRQ�RI�WKH

DVVXPSWLRQV�DQG�OLPLWDWLRQV�LV�FRQWDLQHG�LQ�:KLWILHOG�HW�DO�����������7KHVH�DVVXPSWLRQV�DQG

OLPLWDWLRQV�LQFOXGH�WKH�IROORZLQJ�

��� ([WUDSRODWLRQ�RI�([SRVXUH�5HVSRQVH�5HODWLRQVKLSV���,Q�GHYHORSLQJ�WKH

SUREDELOLVWLF�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�IRU�WKH����DQG���KU�KHDOWK

HQGSRLQWV�EDVHG�RQ�FRQWUROOHG�KXPDQ�H[SRVXUH�VWXGLHV�LW�ZDV�QHFHVVDU\�WR

H[WUDSRODWH�EHORZ�WKH�ORZHVW�H[SRVXUH�OHYHO�XVHG�LQ�WKHVH�VWXGLHV��L�H��������SSP

IRU�WKH�PRGHUDWH�H[HUWLRQ�VWXGLHV�XVHG�WR�UHSUHVHQW���KU�H[SRVXUH�UHVSRQVH

UHODWLRQVKLSV�������RU������SSP�IRU�WKH�KHDY\�DQG�PRGHUDWH�H[HUWLRQ
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TABLE V-20.  Admissions of New York City Asthmatics — With a Comparison Relative to Meeting the
Current Standard (1 h, 1 expected exceedance, 0.12 ppm)

Air Quality Scenarios

Issue 1H1EX-0.12 ppm

(Scenario A)

8H1EX-0.08 ppm

(Scenario C)

8H5EX-0.08 ppm

(Scenario F)

 As-Is

(Scenario Z)

Excess Admissionsb

(background = 0.04 ppm)

207c

(70, 344)d

115

(39, 191)

120

(41, 199)

388

(132, 644)

% Change from Current

Standarde

0 -44 -42 87

Excess Admissionsb

(background = 0 ppm)

909

(308, 1,509)

804

(273, 1,336)

797

(270, 1,324)

1,065

(361, 1,768)

% Change from Current

Standarde

0 -12 -12 17

All Admissionsf

(thousands)

14.8

(13.8-15.8)

14.7

(13.7-15.7)

14.7

(13.7-15.7)

15g

(14-16)g

% Change from Current

Standardh

0 -0.6

(-0.2, 1.1)

-0.6

(-0.2, -1.1)

1.2

(-0.4, 2.2)

a Expected exceedance.
b Admissions of asthmatics attributable to exposure to ozone.
c Median estimate.
d 90% credible interval (about the median).
e Because of the necessary assumption that results across scenarios are highly correlated (i.e., if admissions are high

for one scenario, they are high for all scenarios), there is very little variation in the percentage change from the
current standard.

f Admissions of asthmatics for any respiratory-related reason; for scenario i, based on estimates of all admissions
and excess admissions attributable to ozone levels >0.04 ppm for As-Is scenario, and estimate of excess
admissions attributable to ozone levels >0.04 ppm for scenario i (e.g., for scenario 1H1EX-0.12 ppm:  14,800 ≈
15,000 - 388 + 207).

g Admissions of New York City asthmatics for any respiratory-related reason during the 1988-90 ozone seasons
(Thurston, 1995).

h Variation in these results is attributable to the different numbers of admissions of New York City asthmatics for
any respiratory-related reason during the 1988-90 ozone seasons (Thurston, 1995).
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VWXGLHV�XVHG�WR�GHYHORS���KU�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV����%DVHG�RQ�DQ

LQLWLDO�VHQVLWLYLW\�DQDO\VLV��D�VLJQLILFDQW�SRUWLRQ�RI�WKH�HVWLPDWHG�ULVNV�DUH�GXH�WR

H[SRVXUHV�EHWZHHQ�WKH�HVWLPDWHG�EDFNJURXQG�YDOXH�RI������SSP�DQG�WKH�ORZHVW

PHDVXUHG�YDOXHV�LQ�WKH�YDULRXV�FRQWUROOHG�KXPDQ�H[SRVXUH�VWXGLHV�UHOLHG�XSRQ�LQ

WKLV�ULVN�DQDO\VLV���7KH�&$6$&�2��([SRVXUH�DQG�5LVN�6XEFRPPLWWHH�JHQHUDOO\

VXSSRUWHG�WKH�H[WUDSRODWLRQ�RI�PRGHOHG�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�ZKHQ

WKH\�UHYLHZHG�WKH�SURSRVHG�ULVN�DVVHVVPHQW�PHWKRGRORJ\�LQ�0DUFK������

��� ([SRVXUH�DQG�DLU�TXDOLW\�HVWLPDWHV����$�PDMRU�LQSXW�WR�WKH�KHDGFRXQW�ULVN

HVWLPDWHV�IRU�WKH�JHQHUDO�SRSXODWLRQ��RXWGRRU�ZRUNHUV��DQG�RXWGRRU�FKLOGUHQ�LV

WKH�2��H[SRVXUH�DQDO\VLV�HVWLPDWHV�IRU�WKHVH�SRSXODWLRQV���8QFHUWDLQWLHV�DERXW

KXPDQ�DFWLYLW\�SDWWHUQV�DQG�WKH�SURFHGXUHV�XVHG�WR�HVWLPDWH�2��FRQFHQWUDWLRQV

XSRQ�DWWDLQPHQW�RI�DOWHUQDWLYH�VWDQGDUGV��DV�ZHOO�DV�RWKHU�XQFHUWDLQWLHV�DERXW�WKH

H[SRVXUH�DQDO\VLV�PRGHO�DQG�LQSXWV�WR�WKH�PRGHO��PXVW�EH�UHJDUGHG�DV�DGGLWLRQDO

XQFHUWDLQWLHV�LQ�LQWHUSUHWLQJ�WKH�KHDGFRXQW�HVWLPDWHV���7KHUH�DUH�XQFHUWDLQWLHV

DERXW�WKH�DSSURSULDWH�2��PRQLWRU�WR�XVH�LQ�DSSO\LQJ�WKH�H[FHVV�UHVSLUDWRU\�

UHODWHG�KRVSLWDO�DGPLVVLRQV�ULVN�PRGHO�WR�WKH�1HZ�<RUN�&LW\�DUHD�DQG�LQ�WKH

SURFHGXUHV�XVHG�WR�DGMXVW�2��OHYHOV�WR�MXVW�DWWDLQLQJ�DOWHUQDWLYH�DLU�TXDOLW\

VWDQGDUGV�LQ�WKH�1HZ�<RUN�DUHD���%HQFKPDUN�ULVN�HVWLPDWHV�IRU�WKH�RWKHU�DFXWH

KHDOWK�HQGSRLQWV�DUH�DIIHFWHG�E\�XQFHUWDLQW\�LQ�SURMHFWLQJ�2��FRQFHQWUDWLRQV�XSRQ

DWWDLQPHQW�RI�DOWHUQDWLYH�1$$46�DW�WKH�GHVLJQ�YDOXH�PRQLWRU��,Q�DGGLWLRQ��WKH

YDOXHV�VHOHFWHG�DV�UHSUHVHQWLQJ�UHDVRQDEOH�HVWLPDWHV�RI�EDFNJURXQG

FRQFHQWUDWLRQV�IRU����DQG���KU�GDLO\�PD[LPXP�OHYHOV�DUH�VXEMHFW�WR�XQFHUWDLQW\��

6LQFH�DOO�RI�WKH�ULVN�HVWLPDWHV�SUHVHQWHG�KHUH�DUH�FDOFXODWHG�DV�2��LQGXFHG�ULVN�LQ

H[FHVV�RI�EDFNJURXQG��DOWHUQDWLYH�YDOXHV�IRU�EDFNJURXQG�FRXOG�SRWHQWLDOO\�DOWHU

WKH�ULVN�HVWLPDWHV���$UJRQQH�1DWLRQDO�/DEV�KDV�FRQGXFWHG�VRPH�OLPLWHG

VHQVLWLYLW\�DQDO\VHV�LQ�WZR�RI�WKH�XUEDQ�DUHDV�WR�H[DPLQH�WKH�LQIOXHQFH�RI

GLIIHUHQW�EDFNJURXQG�DVVXPSWLRQV�RQ�VHOHFWHG�KHDGFRXQW�ULVN�HVWLPDWHV��

*HQHUDOO\��WKH�UHVXOWV�LQGLFDWH�WKDW�2��H[SRVXUHV�LQ�WKH�UDQJH�RI�����������SSP

FRQWULEXWH�OLWWOH�WR�WKH�WRWDO�KHDGFRXQW�ULVN�HVWLPDWHV���7KHUHIRUH��DOWHUQDWLYH

YDOXHV�IRU�EDFNJURXQG�LQ�WKH�UDQJH�����������SSP�DUH�OLNHO\�WR�KDYH�OLWWOH
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LPSDFW�RQ�WKH�RYHUDOO�ULVN�HVWLPDWHV���7KH�UHVXOWV�RI�WKLV�OLPLWHG�VHQVLWLYLW\

DQDO\VLV�LV�GHVFULEHG�LQ�PRUH�GHWDLO�LQ�:KLWILHOG�HW�DO����������

��� $JH����7KH�ULVN�DVVHVVPHQW�KDV�EHHQ�DSSOLHG�WR�WKH�JHQHUDO�SRSXODWLRQ��RXWGRRU

ZRUNHUV��DQG�RXWGRRU�FKLOGUHQ���+RZHYHU��FRQWUROOHG�KXPDQ�H[SRVXUH�DQG

UHFHQW�ILHOG�HSLGHPLRORJ\�VWXGLHV�LQ�FKLOGUHQ�KDYH�UHSRUWHG�SXOPRQDU\�IXQFWLRQ�

EXW�QRW�V\PSWRPDWLF��HIIHFWV�IRU�2��H[SRVXUHV��7KHUHIRUH��WKH�KHDGFRXQW

V\PSWRPDWLF�HIIHFW�HVWLPDWHV�ZKLFK�UHO\�RQ�SRSXODWLRQ�H[SRVXUHV�WKDW�LQFOXGH

FKLOGUHQ�PD\�RYHUVWDWH�V\PSWRP�KHDGFRXQW�HVWLPDWHV���3XOPRQDU\�IXQFWLRQ�ULVN

HVWLPDWHV�DUH�QRW�DIIHFWHG��DQG�WKH�ODFN�RI�DSSDUHQW�V\PSWRPV�GRHV�QRW�PHDQ

WKDW�ELRORJLFDO�SURFHVVHV�DVVRFLDWHG�ZLWK�2��V\PSWRPV�LQ�DGXOWV�DUH�QRW�DOVR

SUHVHQW�LQ�FKLOGUHQ�

��� $WWHQXDWLRQ�RU�HQKDQFHPHQW�RI�UHVSRQVH���)RU�WKH�DFXWH�KHDOWK�HQGSRLQWV��WKH

ULVN�DVVHVVPHQW�DVVXPHV�WKDW�WKH�2��LQGXFHG�UHVSRQVH�LQ�DQ\�SDUWLFXODU�KRXU�LV

QRW�DIIHFWHG�E\�SUHYLRXV�2��H[SRVXUH�KLVWRU\���7KH�H[WHQW�RI�DWWHQXDWLRQ�DQG�RU

HQKDQFHPHQW�RI�2��LQGXFHG�UHVSRQVHV�GXH�WR�SUHYLRXV�2��H[SRVXUHV�FDQQRW�EH

DGGUHVVHG�TXDQWLWDWLYHO\�DQG�PXVW�EH�UHJDUGHG�DV�DQ�DGGLWLRQDO�XQFHUWDLQW\�LQ

LQWHUSUHWLQJ�WKH�ULVN�HVWLPDWHV�

��� ,QWHUDFWLRQ�EHWZHHQ�2��DQG�RWKHU�SROOXWDQWV���7KH�FRQWUROOHG�KXPDQ�H[SRVXUH

VWXGLHV�XVHG�LQ�WKH�ULVN�DVVHVVPHQW�LQYROYHG�RQO\�2��H[SRVXUH���,W�LV�DVVXPHG

WKDW�WKH�KHDOWK�HIIHFWV�RI�LQWHUHVW�LQ�WKH�UHDO�ZRUOG�ZKHUH�RWKHU�SROOXWDQWV�DUH

SUHVHQW�DUH�GXH�VROHO\�WR�2����:KLOH�FRQWUROOHG�KXPDQ�H[SRVXUH�VWXGLHV�KDYH�QRW

FRQVLVWHQWO\�GHPRQVWUDWHG�HQKDQFHPHQW�RI�UHVSLUDWRU\�HIIHFWV�IRU�2��ZKHQ

FRPELQHG�ZLWK�62���12���&2��+�62���RU�RWKHU�DHURVROV��WKHUH�LV�VRPH�DQLPDO

WR[LFRORJ\�UHVHDUFK�VXJJHVWLQJ�DGGLWLYH�RU�SRVVLEO\�V\QHUJLVWLF�HIIHFWV���$QDO\VLV

RI�OXQJ�IXQFWLRQ�GHFUHPHQW�GDWD�IURP�VHYHUDO�ILHOG�VWXGLHV�RI�FKLOGUHQ�DW�D

YDULHW\�RI�VXPPHU�FDPSV�LQ�WKH�QRUWKHDVW�KDV�IRXQG�VLPLODU�2��LQGXFHG�OXQJ

IXQFWLRQ�FKDQJHV�DV�REVHUYHG�LQ�WKH�FRQWUROOHG�KXPDQ�H[SRVXUH�VWXGLHV��VHH

SS�����DQG�����RI�WKH�&'��

��� 6PRNLQJ�VWDWXV���7KHUH�LV�VRPH�OLPLWHG�HYLGHQFH�WKDW�VPRNHUV�PD\�EH�OHVV

UHVSRQVLYH�WR�2��WKDQ�QRQVPRNHUV���7KH�ULVN�DVVHVVPHQW�ZDV�DSSOLHG�WR�WKH
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JHQHUDO�SRSXODWLRQ��RXWGRRU�ZRUNHUV��DQG�RXWGRRU�FKLOGUHQ�UHJDUGOHVV�RI

VPRNLQJ�VWDWXV���7R�WKH�H[WHQW�WKDW�VPRNHUV�DUH�OHVV�UHVSRQVLYH�WKDQ

QRQVPRNHUV��ULVN�HVWLPDWHV�PD\�EH�RYHUVWDWHG�

��� 6HOHFWLRQ�RI�$YHUDJLQJ�7LPH���,Q�GHYHORSLQJ�ULVN�HVWLPDWHV�IRU���KU�H[SRVXUHV�DW

PRGHUDWH�DQG�KHDY\�H[HUWLRQ��GDWD�IURP����WR���{�KU�FRQWUROOHG�KXPDQ�H[SRVXUH

VWXGLHV�ZHUH�XVHG�DQG�PDWFKHG�ZLWK���KU�H[SRVXUHV�DW�PRGHUDWH�RU�KHDY\

H[HUWLRQ���7KH�VWXGLHV�WKDW�UDQ�ORQJHU�WKDQ�DQ�KRXU�ZHUH�FRQGXFWHG�ZLWK

LQWHUPLWWHQW�H[HUFLVH�SHULRGV���0F.LWWULFN�DQG�$GDPV��������KDV�UHSRUWHG�WKDW

OXQJ�IXQFWLRQ�UHVSRQVHV�ZHUH�YHU\�VLPLODU�IRU�VXEMHFWV�H[SRVHG�HLWKHU

FRQWLQXRXVO\�H[HUFLVLQJ�IRU���KRXU�RU�H[SRVHG�IRU���KRXUV�ZLWK�LQWHUPLWWHQW

H[HUFLVH���,Q�PDWFKLQJ�WKH���KU�H[SRVXUH�UHODWLRQVKLSV�WR���KU�H[SRVXUH

HVWLPDWHV��WKH�(95�UDQJH�VHOHFWHG�IRU�WKH�H[SRVXUH�HVWLPDWHV�ZDV�VHOHFWHG�WR

PDWFK�WKH�KRXUO\�DYHUDJH�(95�LQ�WKH�KHDOWK�HIIHFWV�VWXGLHV���7KH���KU��PRGHUDWH

H[HUWLRQ�ULVN�HVWLPDWHV�ZHUH�GHYHORSHG�EDVHG�RQ�WKUHH�FRQWUROOHG�KXPDQ

H[SRVXUH�VWXGLHV�WKDW�ZHUH�FRQGXFWHG�XVLQJ�D�����KU�H[SRVXUH�SHULRG���6LQFH�WKH

OXQJ�IXQFWLRQ�UHVSRQVH�DSSHDUV�WR�OHYHO�RII�DIWHU�����KRXUV�RI�H[SRVXUH��LW�LV

XQOLNHO\�WKDW�WKH�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�ZRXOG�KDYH�EHHQ�DSSUHFLDEO\

GLIIHUHQW��HYHQ�LI�WKH�VWXGLHV�KDG�EHHQ�FRQGXFWHG�IRU���KRXUV�

��� 5HSURGXFLELOLW\�RI�2��LQGXFHG�UHVSRQVH���,W�LV�DVVXPHG�WKDW�2��LQGXFHG

UHVSLUDWRU\�UHVSRQVHV�DUH�UHSURGXFLEOH�IRU�LQGLYLGXDOV���7KH�&'�FLWHV�ERWK

*OLQHU�HW�DO���������DQG�0F'RQQHOO�HW�DO�������D��LQ�FRQFOXGLQJ�WKDW�UHVSLUDWRU\

HIIHFWV�RI�2��DUH�KLJKO\�UHSURGXFLEOH���$QDO\VLV�RI�$YRO�DQG�.XOOH�GDWD�VHWV�E\

+D\HV�HW�DO�������E��DOVR�VXSSRUWV�WKH�UHSURGXFLELOLW\�RI�LQGLYLGXDO�UHVSRQVHV�



���

,� $OWHUQDWLYH�)RUPV�RI�WKH�3ULPDU\�1$$46

�� )RUP�RI�WKH�&XUUHQW�6WDQGDUG

7KH�FXUUHQW�SULPDU\�2��1$$46�KDV�D�OHYHO�RI������SSP��DQ�DYHUDJLQJ�WLPH�RI���KRXU�

DQG�LV�H[SUHVVHG�LQ�D����H[SHFWHG�H[FHHGDQFH��IRUP���7KDW�LV��WKH�VWDQGDUG�LV�IRUPXODWHG�RQ�WKH

EDVLV�RI�WKH�H[SHFWHG�QXPEHU�RI�GD\V�RQ�ZKLFK�WKH�OHYHO�LV�H[FHHGHG���0RUH�VSHFLILFDOO\��WKH

DWWDLQPHQW�WHVW�VSHFLILHV�WKDW�WKH�H[SHFWHG�QXPEHU�RI�GD\V�SHU�\HDU�RQ�ZKLFK�WKH�OHYHO�LV

H[FHHGHG�EH�HTXDO�WR�RU�OHVV�WKDQ������YDOXHV�OHVV�WKDQ������DUH�URXQGHG�GRZQ���DYHUDJHG�RYHU

D�WKUHH�\HDU�SHULRG��DQG�WKDW�VSHFLILF�DGMXVWPHQWV�EH�PDGH�IRU�PLVVLQJ�PRQLWRULQJ�GDWD���7KH

VWDQGDUG�LV�DSSOLHG�RQ�D�VLWH�E\�VLWH�EDVLV��GDWD�IURP�PXOWLSOH�VLWHV�DUH�QRW�FRPELQHG���7KHVH

SURFHGXUHV�KDYH�UHPDLQHG�XQFKDQJHG�VLQFH�WKH�RULJLQDO�SURPXOJDWLRQ�LQ������

�� ,VVXHV�$VVRFLDWHG�ZLWK�&RQVLGHUDWLRQ�RI�$OWHUQDWLYH�)RUPV

$V�WKH�DERYH�GHVFULSWLRQ�RI�WKH�FXUUHQW�VWDQGDUG�LOOXVWUDWHV��WKH��VWDQGDUG��LV�GHILQHG�E\

PRUH�WKDQ�MXVW�LWV�OHYHO���7KH�IROORZLQJ�HOHPHQWV�KDYH�EHHQ�XVHG�LQ�WKH�IRUPXODWLRQ�RI�DLU

TXDOLW\�VWDQGDUGV�

��WKH�OHYHO��H�J��������SSP�
��WKH�DYHUDJLQJ�WLPH��H�J�����KRXU�
��WKH�1$$46�VWDWLVWLF��H�J���WKH�QXPEHU�RI�H[FHHGDQFHV�
��WKH�DWWDLQPHQW�WHVW�FULWHULD��H�J���H[SHFWHG�QXPEHU�RI�H[FHHGDQFHV�HTXDO�WR�RU�

��OHVV�WKDQ�����
��WKH�OHQJWK�RI�WKH�FRPSOLDQFH�SHULRG��H�J�����\HDUV��DQG
��GDWD�KDQGOLQJ�FRQYHQWLRQV��H�J���DGMXVWPHQWV�IRU�PLVVLQJ�PRQLWRULQJ�GDWD�

7KH�VWDII�LV�FRQVLGHULQJ�DOWHUQDWLYHV�IRU�WKH�1$$46�VWDWLVWLF��WKH�DWWDLQPHQW�WHVW

FULWHULD��DQG�WKH�GDWD�KDQGOLQJ�FRQYHQWLRQV�ZKLFK�DGGUHVV�VRPH�RI�WKH�FRQFHUQV�DERXW�WKH

VWDELOLW\�RI�WKH�DWWDLQPHQW�WHVW�DQG�WKH�PLVVLQJ�GDWD�DGMXVWPHQW�SURFHGXUH�ZKLFK�ZHUH�UDLVHG

GXULQJ�SXEOLF�UHYLHZ�RI�WKH�&OHDQ�$LU�$FW�2��'HVLJQ�9DOXH�6WXG\��(3$����������6WDWH�DJHQF\

DQG�LQGXVWU\�UHSUHVHQWDWLYHV�H[SUHVVHG�FRQFHUQ�DERXW�

��� WKH�SUREDELOLW\�RI�PLVFODVVLILFDWLRQ�EHWZHHQ�DWWDLQPHQW�DQG�QRQDWWDLQPHQW�

��� WKH�SRVVLELOLW\�RI�DUHDV�PRYLQJ�LQ�DQG�RXW�RI�DWWDLQPHQW���IOLS�IORSV���ZLWK�HDFK����������

DGGLWLRQDO�\HDU�RI�GDWD�

��� WKH�VLJQLILFDQW�LPSDFW�RI�\HDU�WR�\HDU�YDULDELOLW\�LQ�PHWHRURORJLFDO�FRQGLWLRQV�FRQGXFLYH

WR�2��IRUPDWLRQ�
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��� WKH�QHHG�IRU�D�PRUH��UREXVW��WHVW�VWDWLVWLF��H�J���PRUH�H[FHHGDQFHV�RU�D�ORZHU�SHUFHQWLOH

VWDWLVWLF�

��� WKH�LPSDFW�RI�XVLQJ�RQO\�D�VLQJOH�PRQLWRU�ZLWKLQ�D�ODUJH�QHWZRUN�RI�PRQLWRULQJ�VWDWLRQV�

��� WKH�ODFN�RI�FRQVLGHUDWLRQ�RI�SRSXODWLRQ�H[SRVXUH�

��� WKH�LPSDFW�RI�WKH�DGMXVWPHQW�IRU�PLVVLQJ�GDWD��H�J���DUHDV�ZLWK�RQO\�WKUHH�REVHUYHG

H[FHHGDQFHV�FDQ�IDLO�WR�PHHW�WKH�VWDQGDUG�LI�WKH\�KDYH�OHVV�WKDQ����SHUFHQW�GDWD

FRPSOHWHQHVV���DQG

��� WKH�LPSDFW�RI�2��WUDQVSRUW�RQ�GRZQZLQG�DUHDV�

6RPH�RI�WKHVH�FRQFHUQV�ZLOO�EH�DGGUHVVHG�LQ�WKLV�VWDQGDUG�UHYLHZ��ZKLOH�RWKHUV�ZLOO�EH

FRQVLGHUHG�LQ�WKH�GHYHORSPHQW�RI�DVVRFLDWHG�QHZ�LPSOHPHQWDWLRQ�VWUDWHJLHV�

$V�SDUW�RI�WKLV�VWDQGDUG�UHYLHZ��WKH�VWDII�LV�HYDOXDWLQJ�DOWHUQDWLYH�DSSURDFKHV�WR

VSHFLI\LQJ�WKH�1$$46�VWDWLVWLF�DQG�DWWDLQPHQW�WHVW�FULWHULD�WKDW�DUH�GHVLJQHG�WR����EHWWHU�UHIOHFW

WKH�UHODWLRQVKLS�EHWZHHQ�DLU�TXDOLW\�DQG�KXPDQ�H[SRVXUH�DQG�ULVN�����LQFUHDVH�WKH�VWDELOLW\�DQG�

KHQFH��UHGXFH�WKH�OLNHOLKRRG�RI�DWWDLQPHQW�QRQDWWDLQPHQW�IOLS�IORSV��DQG����DGGUHVV�PLVVLQJ

GDWD�LVVXHV���7KH�DSSURDFKHV�FXUUHQWO\�XQGHU�FRQVLGHUDWLRQ�E\�WKH�VWDII�LQFOXGH�

DOWHUQDWLYH��OHVV�YDULDEOH�1$$46�VWDWLVWLFV�

DOWHUQDWLYH�DWWDLQPHQW�WHVW�FULWHULD��LQFOXGLQJ�WKH�XVH�RI�D�UDQJH��UDWKHU�WKDQ�D�EULJKW�OLQH
VWDQGDUG��DQG

DOWHUQDWLYHV�IRU�WKH�WUHDWPHQW�RI�PLVVLQJ�GDWD�

2I�IRUHPRVW�FRQVLGHUDWLRQ�LQ�HYDOXDWLQJ�DOWHUQDWLYH�IRUPV�IRU�WKH�SULPDU\�VWDQGDUG�LV�DQ

DVVHVVPHQW�RI�WKH�DGHTXDF\�RI�WKH�KHDOWK�SURWHFWLRQ�SURYLGHG���7KH�VWDII�LV�FRQVLGHULQJ�ZKHWKHU

DOWHUQDWLYH�IRUPV�DGGUHVV�FRQFHUQV�UDLVHG�ZLWK�UHJDUG�WR�WKH�FXUUHQW�VWDQGDUG�ZLWKRXW

LQWURGXFLQJ�RWKHU�SUREOHPV�RI�HTXDO��RU�JUHDWHU�FRQFHUQ���7KH�VWDII�LV�DOVR�JLYLQJ�PDMRU

FRQVLGHUDWLRQ�WR�WKH�IHDVLELOLW\�RI�LPSOHPHQWDWLRQ�DQG�WKH�LQIUDVWUXFWXUH�QHHGHG�WR�LPSOHPHQW

DOWHUQDWLYH�IRUPV��VXFK�DV�WKH�DGHTXDF\�RI�WKH�FXUUHQW�DPELHQW�PRQLWRULQJ�QHWZRUN�

3XEOLF�SROLF\�LVVXHV�DVVRFLDWHG�ZLWK�WKHVH�YDULRXV�DOWHUQDWLYH�DSSURDFKHV�WKDW�WKH�VWDII�LV

FRQVLGHULQJ�LQFOXGH�FRQVLVWHQF\�ZLWK�&OHDQ�$LU�$FW�UHTXLUHPHQWV��HQYLURQPHQWDO�HTXLW\

FRQVLGHUDWLRQV��DQG�WKH�DELOLW\�WR�HIIHFWLYHO\�FRPPXQLFDWH�DQ\�FKDQJH�LQ�WKH�VWDQGDUG�WR�WKH

SXEOLF�DW�ODUJH������



���

7KH�VWDII�KDV�GHWHUPLQHG�WKDW�LW�LV�PRUH�DSSURSULDWH�WR�FRQVLGHU�PLVFODVVLILFDWLRQ�DQG

WUDQVSRUW�LVVXHV�ZLWKLQ�D�QHZ�LPSOHPHQWDWLRQ�VWUDWHJ\�IUDPHZRUN���)RU�H[DPSOH��WKH�&DOLIRUQLD

$LU�5HVRXUFHV�%RDUG��&$5%��KDV�DOUHDG\�LPSOHPHQWHG�DQ�DSSURDFK�WR�DGGUHVV

PLVFODVVLILFDWLRQ�E\�GHILQLQJ�D�QRQDWWDLQPHQW��WUDQVLWLRQDO��FDWHJRU\���$OWKRXJK�WKLV�QHZ

FDWHJRU\�KHOSV�WR�UHGXFH�WKH�SUREDELOLW\�RI�PLVFODVVLI\LQJ�ERUGHUOLQH�VLWHV��WKHUH�DUH�LPSRUWDQW

LPSOHPHQWDWLRQ�FRQVLGHUDWLRQV�LI�VXFK�DQ�DSSURDFK�ZHUH�WR�EH�LQWURGXFHG���7KHVH�LQFOXGH�KRZ

ORQJ�DQ�DUHD�FDQ�UHPDLQ�LQ�WKLV�FDWHJRU\��DQG�ZKDW�HPLVVLRQV�UHGXFWLRQV��LI�DQ\��ZRXOG�EH

UHTXLUHG���7KH�OHYHO�RI�KHDOWK�SURWHFWLRQ�LQWHQGHG�E\�WKH�1$$46�LV�QRW�DOWHUHG�E\�WKLV

DSSURDFK�DV�ORQJ�DV�WKH�DUHD�HYHQWXDOO\�FRPHV�LQWR�DWWDLQPHQW�ZLWK�WKH�1$$46��

�� $OWHUQDWLYH�1$$46�6WDWLVWLFV

7KH�1$$46�VWDWLVWLF�IRU�WKH�FXUUHQW�VWDQGDUG�LV�WKH�DQQXDO�H[SHFWHG�H[FHHGDQFH�UDWH���

7KH�VWDII�KDV�FRQVLGHUHG�WKH�XVH�RI�WKH�GHVLJQ�YDOXH��ZKLFK�LV�D�FRQFHQWUDWLRQ�EDVHG�VWDWLVWLF��DV

DQ�DOWHUQDWLYH�1$$46�VWDWLVWLF���8VH�RI�D�FRQFHQWUDWLRQ�EDVHG�VWDWLVWLF�LV�FRQVLVWHQW�ZLWK�KHDOWK

FRQFHUQV��DQG�LV�DOVR�FRQVLVWHQW�ZLWK�WKH�IRUP�RI�WKH�FXUUHQW�VWDQGDUG��LQ�WKDW�WKH�OHYHO�RI�WKH

VWDQGDUG�QHFHVVDU\�WR�SURYLGH�D�JLYHQ�GHJUHH�RI�KHDOWK�SURWHFWLRQ�ZRXOG�EH�WKH�VDPH�IRU�D

GHVLJQ�YDOXH�1$$46�VWDWLVWLF�VWDQGDUG�DV�DQ�DQQXDO�H[SHFWHG�H[FHHGDQFH�IRUP���7KH�SULPDU\

UHDVRQV�IRU�FRQVLGHULQJ�VXFK�D�FKDQJH�DUH�WKDW�����WKH�GHVLJQ�YDOXH�KDV�JUHDWHU�WHPSRUDO

VWDELOLW\�WKDQ�H[SHFWHG�H[FHHGDQFHV������LW�LV�PRUH�GLUHFWO\�UHODWHG�WR�WKH�GDWDEDVH

FKDUDFWHUL]LQJ�KHDOWK�DQG�ZHOIDUH�HIIHFWV��DQG�����WKH�GLFKRWRP\�ZLWK�FXUUHQWO\�H[LVWV�EHWZHHQ

WKH�H[SHFWHG�H[FHHGDQFHV�DWWDLQPHQW�WHVW�DQG�WKH�GHVLJQ�YDOXHV�LV�HOLPLQDWHG�EHFDXVH�ZLWK�D

FRQFHQWUDWLRQ�EDVHG�VWDQGDUG�WKH�DWWDLQPHQW�WHVW�DQG�WKH�GHVLJQ�YDOXH�DUH�WKH�VDPH�VWDWLVWLF�

2QH�DSSURDFK�WR�LQFUHDVLQJ�VWDELOLW\�LQ�WKH�DLU�TXDOLW\�PDQDJHPHQW�SURFHVV�LV�WR�VSHFLI\

D�OHVV�YDULDEOH�1$$46�VWDWLVWLF���8VH�RI�D�OHVV�YDULDEOH�1$$46�VWDWLVWLF�ZRXOG�UHVXOW�LQ�D

UHGXFWLRQ�LQ�WKH�QXPEHU�RI�ERUGHUOLQH�VLWHV�ZLWK�UHODWLYHO\�KLJK�PLVFODVVLILFDWLRQ�SUREDELOLWLHV�

DQG�WKXV�WKHUH�ZLOO�EH�IHZHU�UHYHUVDOV�LQ�FRPSOLDQFH�VWDWXV���IOLS�IORSV����DW�OHDVW�XQWLO�VRPH�RI

WKH�RWKHU�QRQDWWDLQPHQW�VLWHV�DUH�EURXJKW�FORVH�WR�DWWDLQPHQW�WKURXJK�HPLVVLRQ�UHGXFWLRQV��

+RZHYHU��XVH�RI�D�OHVV�YDULDEOH�VWDWLVWLF�FDQQRW�UHGXFH�PLVFODVVLILFDWLRQ�SUREDELOLWLHV�IRU�VLWHV

RQ�WKH�ERUGHUOLQH�EHWZHHQ�DWWDLQPHQW�DQG�QRQDWWDLQPHQW��DQG�IRU�WKRVH�VLWHV�WKHUH�ZLOO�OLNHO\�EH

IUHTXHQW�FODVVLILFDWLRQ�FKDQJHV�LI�WKH�HPLVVLRQV�UHPDLQ�IDLUO\�FRQVWDQW�IURP�\HDU�WR�\HDU�

&KRFN�DQG�1DQFH��&KRFN�HW�DO���������VXJJHVW�WKH�XVH�RI�WKH�PHDQ�RU�PHGLDQ�RI�WKH
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WKUHH�DQQXDO�VHFRQG�GDLO\�PD[LPD��$YJ0D[���DV�WKH�1$$46�VWDWLVWLF���7KH�VWDII�KDV�H[DPLQHG

WKH�UHODWLRQVKLS�EHWZHHQ�WKH�$YJ0D[��VWDWLVWLF�DQG�D�RQH�H[FHHGDQFH�1$$46���7KH�$YJ0D[�

VWDWLVWLF�LV�DERXW���SHUFHQW�ORZHU��RQ�DYHUDJH��WKDQ�WKH�GHVLJQ�YDOXH�FRQFHQWUDWLRQ�IRU�D���KRXU

��H[FHHGDQFH�1$$46��L�H���WKH�IRXUWK�KLJKHVW�GDLO\�PD[LPXP�FRQFHQWUDWLRQ�RYHU�WKUHH�\HDUV��

DQG����SHUFHQW�ORZHU�IRU�DQ���KRXU���H[FHHGDQFH�DOWHUQDWLYH�EDVHG�RQ�DPELHQW�PRQLWRULQJ�GDWD

IURP�WKH�ODVW�WHQ�\HDUV���2Q�WKH�EDVLV�RI�H[FHHGDQFHV��WKH�$YJ0D[��OLHV�EHWZHHQ�WKH�RQH

H[FHHGDQFH�DQG���H[FHHGDQFHV�DOWHUQDWLYHV���7KH�WRS�KDOI�RI�)LJXUH�9����SUHVHQWV�D�KLVWRJUDP

RI�WKH�DYHUDJH�QXPEHU�RI�GDLO\�PD[LPXP�H[FHHGDQFHV�IRU�����VLWHV�MXVW�DWWDLQLQJ�DQ�$YJ0D[�

VWDQGDUG�RI������SSP�EDVHG�RQ���������GDWD���7KLUW\�SHUFHQW�RI�WKH�VLWHV�KDG�DYHUDJH

H[FHHGDQFH�UDWHV�JUHDWHU�WKDQ����ZLWK�WZR�VLWHV�KDYLQJ�DQ�DYHUDJH�RI���H[FHHGDQFHV�SHU�\HDU��

7KH�ERWWRP�KDOI�RI�)LJXUH�9����SUHVHQWV�WKH�PD[LPXP�QXPEHU�RI�H[FHHGDQFHV�LQ�WKH�ZRUVW

\HDU�GXULQJ���������IRU�WKH�VDPH�FRPSDULVRQ���+DOI�RI�WKH�VLWHV�KDYH�WZR�RU�IHZHU�H[FHHGDQFHV

LQ�WKH�SHDN�\HDU���)RXU�VLWHV�KDG����RU�PRUH�H[FHHGDQFHV�LQ�WKH�ZRUVW�\HDU���)LJXUH�9���

UHSHDWV�WKLV�SUHVHQWDWLRQ�IRU�D�ILIWK�KLJKHVW�GDLO\�PD[LPXP���KRXU�VWDQGDUG�IRUPXODWLRQ

�$YJ0D[�����7R�VXPPDUL]H�LQ�WHUPV�RI�H[FHHGDQFHV��RQ�DYHUDJH��VLWHV�PHHWLQJ�DQ�DYHUDJH

DQQXDO��QG�KLJKHVW�GDLO\�PD[LPXP������SSP�VWDQGDUG�KDYH�����H[FHHGDQFHV�SHU�\HDU��DQG����

H[FHHGDQFHV�LQ�WKH�ZRUVW�\HDU�RI�WKUHH��ZKLOH�VLWHV�PHHWLQJ�DQ�DYHUDJH�DQQXDO��WK�KLJKHVW�GDLO\

PD[LPXP������SSP�VWDQGDUG�KDYH�����H[FHHGDQFHV�SHU�\HDU��DQG�����H[FHHGDQFHV�LQ�WKH�ZRUVW

\HDU�RI�WKUHH���$OVR��LQ�WKH�ZRUVW�\HDU�RI�WKUHH�������RI�VLWHV�PHHWLQJ�WKH�DYHUDJH�DQQXDO��QG

KLJKHVW�GDLO\�PD[LPXP������SSP�VWDQGDUG�KDYH���RU�IHZHU�H[FHHGDQFHV��ZKLOH������RI�VLWHV

PHHWLQJ�DQ�DYHUDJH�DQQXDO��WK�KLJKHVW�GDLO\�PD[LPXP������SSP�VWDQGDUG�KDYH����RU�IHZHU

H[FHHGDQFHV�

&KRFN�KDV�DOVR�VXJJHVWHG�WKH�XVH�RI�WKH���WK��RU�RWKHU�SHUFHQWLOHV�DV�WKH�WHVW�VWDWLVWLF��

9DULRXV�SDUDPHWULF�DSSURDFKHV�FDQ�EH�XVHG�WR�HVWLPDWH�WKH�FRQFHQWUDWLRQ�SHUFHQWLOHV�E\�ILWWLQJ

D�GLVWULEXWLRQ�WR�WKH�GDLO\�PD[LPD���2I�SDUWLFXODU�LPSRUWDQFH�LV�WKH�WDLO�H[SRQHQWLDO�GLVWULEXWLRQ�

ERWK�EHFDXVH�RI�FHUWDLQ�VWDWLVWLFDO�DV\PSWRWLF�SURSHUWLHV�RI�WKDW�GLVWULEXWLRQ��DQG�EHFDXVH�LW

RIWHQ�ILWV�WKH�REVHUYHG�FRQFHQWUDWLRQV���2QH�DSSURDFK��%UHLPDQ�HW�DO���������ILWV

)LJXUH�9���� )UHTXHQF\�GLVWULEXWLRQ�RI�WKH�DYHUDJH�DQG�PD[LPXP�QXPEHU�RI�H[FHHGDQFHV�RI
�����SSP���KRXU�GDLO\�PD[LPXP�FRQFHQWUDWLRQV�IRU�VLWHV�MXVW�DWWDLQLQJ�DQ
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DYHUDJH�DQQXDO�VHFRQG�KLJKHVW�GDLO\�PD[LPXP�VWDQGDUG�RI������SSP��



���

)LJXUH�9���� )UHTXHQF\�GLVWULEXWLRQ�RI�WKH�DYHUDJH�DQG�PD[LPXP�QXPEHU�RI�H[FHHGDQFHV�RI
�����SSP���KRXU�GDLO\�PD[LPXP�FRQFHQWUDWLRQV�IRU�VLWHV�MXVW�DWWDLQLQJ�DQ
DYHUDJH�DQQXDO�ILIWK�KLJKHVW�GDLO\�PD[LPXP�VWDQGDUG�RI������SSP�



���

WKH�H[SRQHQWLDO�GLVWULEXWLRQ�WR�WKH�WRS���RU����SHUFHQW�RI�WKH�GDWD���8VH�RI�WKH��WDLO�H[SRQHQWLDO�

DSSURDFK�FDQ�\LHOG�D�PRUH�VWDEOH�1$$46�VWDWLVWLF�WKDQ�WKH�FXUUHQW�H[SHFWHG�H[FHHGDQFH

VWDWLVWLF�SURYLGHG�WKDW�WKH�H[SRQHQWLDO�DVVXPSWLRQ�LV�DSSOLFDEOH���)RU�H[DPSOH��/DUVHQ�XVHG�D

YHUVLRQ�RI�%UHLPDQ
V�DSSURDFK��&$5%��������WR�GHULYH�HVWLPDWHV�RI�WKH�RQH�LQ�RQH�\HDU

SHUFHQWLOH�EDVHG�RQ�WKUHH�\HDUV�RI�GDWD��DQG�WKH�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG��&$5%��XVHV

WKLV�DSSURDFK�ZKHQ�GHWHUPLQLQJ�DWWDLQPHQW�RI�WKH�&DOLIRUQLD�2��VWDQGDUG�

)DLUOH\�DQG�%ODQFKDUG�KDYH�SURSRVHG�VHYHUDO�RWKHU�DOWHUQDWLYHV��)DLUOH\�HW�DO��������

LQFOXGLQJ�WKH�XVH�RI�����DYHUDJHV�RI�DQQXDO�KLJK�SHUFHQWLOHV��VXFK�DV�WKH�PHDQ�RI�WKUHH�DQQXDO

��WK�SHUFHQWLOHV�������DYHUDJHV�RI�D�FHUWDLQ�QXPEHU�RI�WKH�KLJKHVW�2��FRQFHQWUDWLRQV��DQG����

VSDWLDO�DYHUDJHV��DFURVV�VLWHV����8VLQJ�DYHUDJHV�RI�D�FHUWDLQ�QXPEHU�RI�WKH�KLJKHVW�2�

FRQFHQWUDWLRQV�LV�YHU\�VLPLODU�WR�XVLQJ�WKH�WDLO�H[SRQHQWLDO�DSSURDFK�VLQFH�WKH�WDLO�H[SRQHQWLDO

GHVLJQ�YDOXH�LV�D�KLJK�SHUFHQWLOH�SOXV�D�PXOWLSOH�RI�WKH�DYHUDJH�H[FHVV�DERYH�WKDW�SHUFHQWLOH��

0RVW�RI�WKHVH�IRUPV�FDQ�EH�YLHZHG�DV�PXOWLSOH�H[FHHGDQFH�VWDQGDUGV���)RU�WKH�W\SLFDO�2�

PRQLWRULQJ�VHDVRQ��WKH���WK�SHUFHQWLOH�WUDQVODWHV�LQWR�DQ�DYHUDJH�RI����H[FHHGDQFHV�SHU�\HDU�RI

WKH�VSHFLILHG�VWDQGDUG�OHYHO���$V�QRWHG�SUHYLRXVO\��WKH�VWDII�LV�FXUUHQWO\�QRW�FRQVLGHULQJ

DOWHUQDWLYHV�ZLWK�DQ�DYHUDJH�RI�PRUH�WKDQ���H[FHHGDQFHV�SHU�\HDU��

7KH�VWDII�LV�DOVR�DGGUHVVLQJ�KRZ�FRQFHUQV�DERXW�WKH�VSDWLDO�UHSUHVHQWDWLYHQHVV�RI

PRQLWRULQJ�VLWHV�DQG�SRSXODWLRQ�H[SRVXUH�PLJKW�EH�LQFRUSRUDWHG�LQWR�WKH�IRUP�RI�WKH�VWDQGDUG��

+RZHYHU��DQ\�FRQVLGHUDWLRQ�RI�VRPH�IRUP�RI�VSDWLDO�DYHUDJLQJ�RU�SRSXODWLRQ�ZHLJKWLQJ�DFURVV

PRQLWRULQJ�VLWHV�UDLVHV�LVVXHV�DERXW�HQYLURQPHQWDO�HTXLW\��WKH�DGHTXDF\�RI�WKH�FXUUHQW

PRQLWRULQJ�QHWZRUN��DQG�WKH�VSHFLILFLW\�RI�PRQLWRU�VLWLQJ�UHTXLUHPHQWV���2Q�WKH�RWKHU�KDQG�

VXFK�D�FRQFHSWXDO�DSSURDFK�PD\�EHWWHU�UHIOHFW�SRSXODWLRQ�H[SRVXUH�DQG�ULVN���7KH�VWDII�LV�DOVR

FRQVLGHULQJ�ZKHWKHU�FRQFHUQV�DERXW�SRSXODWLRQ�H[SRVXUH�PLJKW�DOVR�EH�DGGUHVVHG�E\�PRQLWRU

VLWLQJ�JXLGDQFH�DQG�FRQWURO�VWUDWHJ\�DVVHVVPHQWV�DV�SDUW�RI�WKH�LPSOHPHQWDWLRQ�SURFHVV�

)RU�DOWHUQDWLYH�1$$46�VWDWLVWLFV�RWKHU�WKDQ�WKH�GHVLJQ�YDOXH��VXFK�DV�WKRVH�GLVFXVVHG

DERYH��WKH�OHYHO�RI�WKH�VWDQGDUG�ZRXOG�QHHG�WR�EH�HVWDEOLVKHG�DV�D�IXQFWLRQ�RI�WKH�1$$46

VWDWLVWLF���&RPSDULVRQV�RI�WKH�OHYHO�RI�KHDOWK�SURWHFWLRQ�FDQ�QRW�EH�VSHFLILHG�H[DFWO\�IRU

DOWHUQDWLYH�1$$46�VWDWLVWLFV��VLQFH�KHDOWK�SURWHFWLRQ�LV�D�IXQFWLRQ�RI�WKH�HQWLUH�GLVWULEXWLRQ�RI�

DPELHQW�FRQFHQWUDWLRQV�WKDW�ZRXOG�H[LVW�ZKHQ�D�VWDQGDUG�LV�DWWDLQHG��DQG�WKH�UHVXOWDQW�LPSDFWV



���

RQ�WKDW�GLVWULEXWLRQ�ZLOO�EH�GLIIHUHQW�IRU�GLIIHUHQW�IRUPV���$OWHUQDWLYH�IRUPV�FDQ��KRZHYHU��EH

FRPSDUHG�RQ�DYHUDJH��DOWKRXJK�WKH�VSDWLDO�GLVWULEXWLRQ�RI�SURWHFWLRQ��LQ�WHUPV�RI�UHGXFHG�ULVN

RI�DGYHUVH�KHDOWK�HIIHFWV��ZRXOG�YDU\�IURP�RQH�IRUP�RI�WKH�VWDQGDUG�WR�DQRWKHU�

�� $OWHUQDWLYH�$WWDLQPHQW�7HVW�&ULWHULD

7KH�FXUUHQW�1$$46�LV�D��EULJKW�OLQH��VWDQGDUG���7KLV�PHDQV�WKDW�D�VLWH�LV�HLWKHU

DWWDLQPHQW�RU�QRQDWWDLQPHQW���6SHFLI\LQJ�D�VWDQGDUG�LQ�WKLV�ZD\�FRQFHSWXDOO\�UHODWHV�EHVW�WR

SROOXWDQWV�WKDW�H[KLELW�KHDOWK�HIIHFWV�WKUHVKROGV���6WDII�LV�QRZ�FRQVLGHULQJ�VSHFLILFDWLRQ�RI�D

UDQJH��UDWKHU�WKDQ�D�EULJKW�OLQH�VWDQGDUG���6XFK�DQ�DSSURDFK�LV�LQWHQGHG�WR�UHFRJQL]H�WKH

DEVHQFH�RI�GLVFHUQLEOH�KHDOWK�HIIHFWV�WKUHVKROGV�DQG�WKH�SURMHFWLRQV�WKDW�SRSXODWLRQ�ULVN�YDULHV

OLWWOH�ZLWK�VPDOO�FKDQJHV�LQ�DLU�TXDOLW\���8VH�RI�D�UDQJH�IRU�WKH�VSHFLILFDWLRQ�RI�D�VWDQGDUG�LV

FRQFHSWXDOO\�D�ZD\�WR�UHFRJQL]H�WKH�FRQWLQXXP�RI�ULVN�DVVRFLDWHG�ZLWK�YDU\LQJ�OHYHOV�RI�2�

H[SRVXUH�DQG��WKXV��2��DLU�TXDOLW\���:LWKLQ�WKLV�FRQWH[W��WKH�VWDII�LV�FRQVLGHULQJ�ZKHWKHU�WKH

VSHFLILFDWLRQ�RI�D�UDQJH�UDWKHU�WKDQ�D�EULJKW�OLQH�VWDQGDUG�ZRXOG�KHOS�WR�IDFLOLWDWH�LQGLYLGXDO

DQG�RU�UHJXODWRU\�DJHQF\�HIIRUWV�WR�SURYLGH�DGGLWLRQDO�VDIHJXDUGV�DJDLQVW�UHVSRQVHV�WKDW�PD\��LQ

D�VPDOO�QXPEHU�RI�SDUWLFXODUO\�VHQVLWLYH�LQGLYLGXDOV��RFFXU�DW�OHYHOV�HYHQ�EHORZ�WKH�OHYHO�RI�D

VWDQGDUG�WKDW�SURWHFWV�SXEOLF�KHDOWK�ZLWK�DQ�DGHTXDWH�PDUJLQ�RI�VDIHW\���

������$OWHUQDWLYHV�IRU�7UHDWPHQW�RI�0LVVLQJ�9DOXHV

7KH�IRUPXODWLRQ�RI�WKH�FXUUHQW�VWDQGDUG�LQFOXGHV�SURFHGXUHV��IRU�GHDOLQJ�ZLWK

LQFRPSOHWH�PRQLWRULQJ�GDWD���7KHVH�PLVVLQJ�GDWD�SURFHGXUHV�DVVXPH�WKDW�PLVVLQJ�2��YDOXHV

GXULQJ�WKH�2��VHDVRQ�IROORZ�WKH�VDPH�SDWWHUQV�DV�WKH�QRQ�PLVVLQJ�YDOXHV���$�PLVVLQJ�GD\

GXULQJ�WKH�2��VHDVRQ�LV�DVVXPHG�WR�EH�OHVV�WKDQ�WKH�OHYHO�RI�WKH�1$$46�RQO\�LI�LW�LV�D�VLQJOH

PLVVLQJ�YDOXH�WKDW�RFFXUV�EHWZHHQ�WZR�YDOLG�GDLO\�PD[LPXP�2��PHDVXUHPHQWV�WKDW�DUH�OHVV

WKDQ����SHUFHQW�RI�WKH�OHYHO�RI�WKH�1$$46���%HFDXVH�RI�WKH�URXQGLQJ�FRQYHQWLRQ�HVWDEOLVKHG

IRU�HVWLPDWHG�H[FHHGDQFHV�IRU�WKH�FXUUHQW�VWDQGDUG��WKH�PLVVLQJ�GDWD�DGMXVWPHQW�RQO\�EHFRPHV�D

IDFWRU�ZKHQ�PRUH�WKDQ���SHUFHQW�RI�WKH�GD\V�DUH�PLVVLQJ��L�H���PRUH�WKDQ����GD\V�IRU�WKH

W\SLFDO�2��VHDVRQ�

7KH�VWDII�LV�H[SORULQJ�WZR�GLIIHUHQW�FRQFHSWXDO�DSSURDFKHV�WR�WKH�WUHDWPHQW�RI�PLVVLQJ

GDWD�������UHTXLULQJ�D�JUHDWHU�GHJUHH�RI�GDWD�FRPSOHWHQHVV�WR�GHPRQVWUDWH�FRPSOLDQFH�ZLWK�WKH

VWDQGDUG�WKDQ�QRQFRPSOLDQFH�DQG�����WKH�XVH�RI�VLPSOH�VWDWLVWLFDO�SURFHGXUHV�WR�DFFRXQW�RU

DGMXVW�IRU�PLVVLQJ�GDWD�
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,Q�WKH�ILUVW�FDVH��WKH�VWDII�LV�FRQVLGHULQJ�DQ�DYHUDJH�GDWD�FRPSOHWHQHVV�UHTXLUHPHQW�WKDW

PRQLWRULQJ�VLWHV�ZRXOG�KDYH�WR�PHHW�WR�GHPRQVWUDWH�DWWDLQPHQW�RI�WKH�VWDQGDUG���%DVHG�RQ�D

UHYLHZ�RI�WKH�FXUUHQW�PRQLWRULQJ�QHWZRUN��PRUH�WKDQ����WR����SHUFHQW�RI�DOO�VLWHV�DFKLHYH�EHWWHU

WKDQ����SHUFHQW�GDWD�FRPSOHWHQHVV�

6HFRQGO\��WKH�VWDII�LV�HYDOXDWLQJ�ZKHWKHU�LQIRUPDWLRQ�RQ�PHWHRURORJLFDO�FRQGLWLRQV

FRXOG�EH�XVHG�WR�SURYLGH�DQ�REMHFWLYH�SURFHGXUH�IRU�MXGJLQJ�LI�PHWHRURORJLFDO�FRQGLWLRQV�RQ�D

PLVVLQJ�GD\�ZHUH�QRW�FRQGXFLYH�WR�H[FHHGDQFHV�RI�WKH�2��1$$46��WKHQ�WKDW�GD\�FRXOG�EH

DVVXPHG�WR�EH�OHVV�WKDQ�WKH�OHYHO�RI�WKH�1$$46���7KH�OLWHUDWXUH�FRQWDLQV�QXPHURXV�UHIHUHQFHV

WR�WKH�XVH�RI�PHWHRURORJLFDO�GDWD�WR�GHILQH�2��FRQGXFLYH�GD\V�IRU�SHDN���KRXU�FRQFHQWUDWLRQV

�-RQHV��������.ROD]�HW�DO���������-RQHV����������7DEOH�9����DGDSWHG�IURP�&KX��&KX�������

SUHVHQWV�D�VHW�RI�FULWHULD�IRU�2��FRQGXFLYH�FRQGLWLRQV�IRU�WKH�HDVWHUQ�8QLWHG�6WDWHV���7KHVH

FULWHULD�UHSUHVHQW��WR�D�JUHDW�H[WHQW��WKH�QHFHVVDU\�FRQGLWLRQV�IRU�GDLO\�PD[LPXP���KRXU�2�

FRQFHQWUDWLRQV�WR�H[FHHG������SSP���:KLOH�WKHVH�DUH�FRQGLWLRQV�QHFHVVDU\�IRU�KLJK�2���WKH\�DUH

QRW�QHFHVVDULO\�VXIILFLHQW�FRQGLWLRQV���2WKHU�IDFWRUV�PD\�DOVR�EH�LPSRUWDQW���$GGLWLRQDO

DQDO\VHV�ZRXOG�EH�QHHGHG�WR�GHILQH�WKH�QHFHVVDU\�FRQGLWLRQV�IRU�SHDN���KRXU�FRQFHQWUDWLRQV�LQ

WKH�UDQJHV�RI�FRQFHUQ���7KH�ILUVW�VWHS�RI�VXFK�DQ�DSSURDFK�PLJKW�DOVR�LQFOXGH�D�UHYLHZ�RI

DPELHQW�FRQFHQWUDWLRQV�UHFRUGHG�DW�RWKHU�PRQLWRULQJ�VLWHV�LQ�WKH�DUHD�IRU�SRVVLEOH�H[FHHGDQFHV

RI�WKH�1$$46�DQG�WKH�KLVWRULFDO�UHODWLRQVKLSV�DPRQJ�QHDUE\�PRQLWRULQJ�VLWHV���7KH

PHWHRURORJLFDO�GDWD�ZRXOG�QRW�EH�YLHZHG�DV�D�VXUURJDWH�IRU�2��PRQLWRULQJ�GDWD���6XFK�DQ

DSSURDFK�SUHVXPHV�WKH�DYDLODELOLW\�RI�PHWHRURORJLFDO�GDWD��VXFK�DV�D�QHDUE\�1DWLRQDO�:HDWKHU

6HUYLFH�6WDWLRQ���,W�DOVR�PHDQV�WKDW�WKH�DWWDLQPHQW�VWDWXV�RI�VLWHV�QHDU�WKH�OHYHO�RI�WKH�VWDQGDUG

ZLWK�D�ODUJH�QXPEHU�RI�PLVVLQJ�GD\V�FRXOG�QRW�EH�GHWHUPLQHG

GLUHFWO\�IURP�WKH�DPELHQW�GDWD�EDVH��EXW�UDWKHU�ZRXOG�UHTXLUH�DQ�DQDO\VLV�RI�WKH�PHWHRURORJLFDO

GDWD�DV�ZHOO��
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9,���67$))�&21&/86,216�$1'�5(&200(1'$7,216�21�35,0$5<�1$$46

7KLV�VHFWLRQ�SUHVHQWV�VWDII�FRQFOXVLRQV�DQG�UHFRPPHQGDWLRQV�IRU�FRQVLGHUDWLRQ�E\�WKH

$GPLQLVWUDWRU�LQ�VHOHFWLQJ�D�SROOXWDQW�LQGLFDWRU��DYHUDJLQJ�WLPH��IRUP��DQG�OHYHO�RI�WKH�SULPDU\

2��1$$46���,Q�GHYHORSLQJ�WKHVH�FRQFOXVLRQV�DQG�UHFRPPHQGDWLRQV��WKH�VWDII�KDV�GUDZQ�XSRQ

WKH�VFLHQWLILF�DQG�WHFKQLFDO�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�&'�DQG�VXPPDUL]HG�LQ�6HFWLRQ�9�RI

WKLV�6WDII�3DSHU��WKH�H[SRVXUH�DQG�ULVN�DQDO\VHV�SUHVHQWHG�LQ�6HFWLRQ�9��DQG�FRPPHQWV

SURYLGHG�E\�WKH�&$6$&�DQG�WKH�SXEOLF�RQ�GUDIWV�RI�WKLV�6WDII�3DSHU�

7KH�VWDII�KDV�DWWHPSWHG�WR�LQWHJUDWH�LQIRUPDWLRQ�RQ�DFXWH�DQG�FKURQLF�KHDOWK�HIIHFWV�RI

2���WKH�H[SHUW�MXGJPHQWV�RQ�WKH�DGYHUVLW\�RI�VXFK�HIIHFWV��DQG��ZKHQ�SRVVLEOH��TXDQWLWDWLYH

DVVHVVPHQWV�RI�WKH�ULVN�RI�H[SHULHQFLQJ�VXFK�HIIHFWV�LQWR�D�EDVLV�IRU�FRQFOXVLRQV�DQG

UHFRPPHQGDWLRQV�RQ�WKH�SULPDU\�2��1$$46���7KLV�DSSURDFK�UHFRJQL]HV�WKDW�IRU�PRVW�RI�WKH

KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�2���QR�SRSXODWLRQ�WKUHVKROG�FDQ�EH�FOHDUO\�LGHQWLILHG���7KXV��WKH

DSSURDFK�WDNHQ�KHUH�XVHV�DVVHVVPHQWV�RI�H[SRVXUH�DQG�ULVN��ZKHQ�SRVVLEOH��WR�SURYLGH

DGGLWLRQDO�LQVLJKW�DQG�WR�LQIRUP�MXGJPHQWV�DERXW�WKH�SURWHFWLRQ�RI�SXEOLF�KHDOWK�ZLWK�DQ

DGHTXDWH�PDUJLQ�RI�VDIHW\�

$V�GLVFXVVHG�LQ�6HFWLRQ�9�+��TXDQWLWDWLYH�ULVN�DVVHVVPHQWV�KDYH�EHHQ�SUHPLVHG�RQ

H[WUDSRODWLQJ�H[SRVXUH�UHVSRQVH�IXQFWLRQV�IURP�ORZHVW�REVHUYHG�HIIHFW�OHYHOV�GRZQ�WR

EDFNJURXQG�OHYHOV���7KXV��WKHVH�DVVHVVPHQWV�UHIOHFW�D�FRQWLQXXP�FRQVLVWLQJ�RI�OHYHOV�DW�ZKLFK

KHDOWK�HIIHFWV�DUH�FHUWDLQ�WKURXJK�OHYHOV�DW�ZKLFK�VFLHQWLVWV�JHQHUDOO\�DJUHH�WKDW�KHDOWK�HIIHFWV

PD\�RFFXU�EXW�WKH�OLNHOLKRRG�DQG�PDJQLWXGH�RI�WKH�UHVSRQVH�LV�PRUH�XQFHUWDLQ���7KH�LQWHJUDWHG

DSSURDFK�WDNHQ�LQ�WKLV�6WDII�3DSHU�OLQNV�ULVN�DVVHVVPHQWV��ZKLFK�SURYLGH�HVWLPDWHV�RI�KRZ

PDQ\�SHRSOH�DUH�OLNHO\�WR�H[SHULHQFH�YDULRXV�HIIHFWV��ZLWK�FRQVLGHUDWLRQ�RI�WKH�GHJUHH�RI

VHYHULW\�RI�WKH�HIIHFWV�DV�EDVHV�IRU�MXGJPHQWV�DERXW�WKH�SRLQW�DW�ZKLFK�ULVNV�KDYH�EHHQ�UHGXFHG

VXIILFLHQWO\�WR�DFKLHYH�SURWHFWLRQ�RI�SXEOLF�KHDOWK�ZLWK�DQ�DGHTXDWH�PDUJLQ�RI�VDIHW\�

,Q�UHFRPPHQGLQJ�D�UDQJH�RI�RSWLRQV�IRU�WKH�$GPLQLVWUDWRU�WR�FRQVLGHU��WKH�VWDII�QRWHV

WKDW�WKH�ILQDO�GHFLVLRQ�LV�ODUJHO\�D�SXEOLF�KHDOWK�SROLF\�MXGJPHQW���$�ILQDO�GHFLVLRQ�PXVW�GUDZ

XSRQ�VFLHQWLILF�LQIRUPDWLRQ�DERXW�KHDOWK�HIIHFWV�DQG�ULVNV��DV�ZHOO�DV�D�VHULHV�RI�MXGJPHQWV�����

DERXW�ZKHQ�SK\VLRORJLFDO�HIIHFWV�EHFRPH�DGYHUVH�IURP�D�SXEOLF�KHDOWK�SHUVSHFWLYH��DV�GLVFXVVHG

LQ�6HFWLRQ�9�)�RI�WKLV�6WDII�3DSHU�����WKH�UHODWLYH�VHYHULW\�RI�YDULRXV�HIIHFWV�ZLWK�HVWLPDWHV�RI

WKH�H[SHFWHG�LQFLGHQFH�RI�WKRVH�HIIHFWV��DQG����KRZ�WR�GHDO�ZLWK�WKH�UDQJH�RI�XQFHUWDLQWLHV�WKDW
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DUH�LQKHUHQW�LQ�WKH�HYLGHQFH�DQG�DVVHVVPHQWV���7KLV�DSSURDFK�LV�FRQVLVWHQW�ZLWK�WKH

UHTXLUHPHQWV�RI�WKH�1$$46�SURYLVLRQV�RI�WKH�&OHDQ�$LU�$FW��$FW��DQG�ZLWK�KRZ�WKH�(3$�DQG

WKH�FRXUWV�KDYH�KLVWRULFDOO\�LQWHUSUHWHG�WKH�$FW���7KHVH�SURYLVLRQV�GR�QRW�UHTXLUH�WKH

$GPLQLVWUDWRU�WR�HVWDEOLVK�D�1$$46�DW�D�]HUR�ULVN�OHYHO�EXW�UDWKHU�DW�D�OHYHO�WKDW�DYRLGV

XQDFFHSWDEOH�ULVNV�DQG��WKXV��SURWHFWV�SXEOLF�KHDOWK�ZLWK�DQ�DGHTXDWH�PDUJLQ�RI�VDIHW\�

7KH�IROORZLQJ�VWDII�FRQFOXVLRQV�DQG�UHFRPPHQGDWLRQV�DUH�EDVHG�SULPDULO\�XSRQ�WKRVH

DQDO\VHV�GLVFXVVHG�DERYH�DQG�LQ�6HFWLRQ�9�RI�WKH�6WDII�3DSHU��VWDII�MXGJPHQW�UHJDUGLQJ�WKRVH

DQDO\VHV��DQG�WKH�FRPPHQWV�SURYLGHG�E\�WKH�&$6$&�DQG�WKH�SXEOLF��

$� 3ROOXWDQW�,QGLFDWRU

7KH�VWDII�EHOLHYHV�WKDW�WKH�FRQFOXVLRQV�RQ�WKH�DSSURSULDWH�LQGLFDWRU�IRU�WKH�SULPDU\�2�

1$$46�WKDW�ZHUH�SUHVHQWHG�LQ�WKH�SUHYLRXV�6WDII�3DSHU��86(3$��������UHPDLQ�YDOLG�WRGD\��

$V�LQGLFDWHG�LQ�WKH�SUHYLRXV�6WDII�3DSHU��LW�LV�JHQHUDOO\�UHFRJQL]HG�WKDW�FRQWURO�RI�DPELHQW�2�

OHYHOV�SURYLGHV�WKH�EHVW�PHDQV�RI�FRQWUROOLQJ�SKRWRFKHPLFDO�R[LGDQWV�RI�SRWHQWLDO�KHDOWK

FRQFHUQ���)XUWKHU��DPRQJ�WKH�SKRWRFKHPLFDO�R[LGDQWV��WKH�DFXWH�H[SRVXUH�FKDPEHU��ILHOG��DQG

HSLGHPLRORJLFDO�KXPDQ�KHDOWK�GDWD�EDVH�UDLVHV�FRQFHUQ�RQO\�IRU�2��DW�OHYHOV�RI�SKRWRFKHPLFDO

R[LGDQWV�FRPPRQO\�UHSRUWHG�LQ�DPELHQW�DLU���7KXV���WKH�VWDII�UHFRPPHQGV�WKDW�2��UHPDLQ�DV�WKH

SROOXWDQW�LQGLFDWRU�IRU�SURWHFWLRQ�RI�SXEOLF�KHDOWK�IURP�H[SRVXUH�WR�DOO�SKRWRFKHPLFDO�R[LGDQWV

IRXQG�LQ�WKH�DPELHQW�DLU�

%� $YHUDJLQJ�7LPHV

����6KRUW�7HUP�DQG�3URORQJHG����WR���KRXUV�

7KH�FXUUHQW�SULPDU\�2��1$$46�ZDV�VHW�LQ������ZLWK�D���KU�DYHUDJLQJ�WLPH���7KLV�ZDV

LQWHQGHG�WR�SURWHFW�WKH�SXEOLF�DJDLQVW�WKH�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK����WR���KU�H[SRVXUHV�WR

2��LQ�DGGLWLRQ�WR�WKH�KHDOWK�HIIHFWV�SRWHQWLDOO\�DVVRFLDWHG�ZLWK�ORQJHU�WHUP�2��H[SRVXUHV�ZKLFK

ZHUH�QRW�DV�ZHOO�GRFXPHQWHG�DW�WKDW�WLPH�

6LQFH�������D�QXPHURXV�UHVHDUFKHUV�KDYH�LQYHVWLJDWHG�WKH�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK

VKRUW�WHUP�����WR���KU��DQG�SURORQJHG�DFXWH�����WR���KU��H[SRVXUHV�WR�2����1XPHURXV�FRQWUROOHG�

H[SRVXUH�VWXGLHV�RI�KXPDQ�VXEMHFWV��ZKR�HQJDJHG�LQ�DFWLYLWLHV�LQYROYLQJ�KHDY\�DQG�PRGHUDWH

H[HUWLRQ��SURYLGH�D�EDVLV�IRU�TXDQWLWDWLYH�FRQFHQWUDWLRQ�UHVSRQVH�UHODWLRQVKLSV�EHWZHHQ����WR���

KU�2��H[SRVXUHV�DQG�D�YDULHW\�RI�OXQJ�IXQFWLRQ�SDUDPHWHUV�DQG�UHVSLUDWRU\�V\PSWRPV���$OVR�

ILHOG�DQG�HSLGHPLRORJLFDO�VWXGLHV�QRZ�SURYLGH�DGGLWLRQDO�HYLGHQFH�RI�DVVRFLDWLRQV�EHWZHHQ���KU
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DPELHQW�2��OHYHOV�DQG�KHDOWK�HIIHFWV�UDQJLQJ�IURP�UHVSLUDWRU\�V\PSWRPV�DQG�OXQJ�IXQFWLRQ

GHFUHPHQWV�UHSRUWHG�DW�VXPPHU�FDPS�VWXGLHV�WR�LQFUHDVHG�KRVSLWDO�DGPLVVLRQV�IRU�UHVSLUDWRU\

FDXVHV���+RZHYHU��WKH�ILHOG�DQG�HSLGHPLRORJLFDO�VWXGLHV�KDYH�QRW�EHHQ�DQDO\]HG�VXIILFLHQWO\�DV

\HW�WR�GHWHUPLQH�ZKHWKHU�WKH�REVHUYHG�HIIHFWV�FRUUHODWH�DV�ZHOO�RU�EHWWHU�ZLWK����WR���KU

H[SRVXUHV�DV�ZLWK�WKH����WR���KU�H[SRVXUHV���0RUH�UHFHQW�FRQWUROOHG�H[SRVXUH�VWXGLHV�KDYH�EHHQ

FRQGXFWHG�SURYLGLQJ�HYLGHQFH�WKDW�WKH�VDPH�UHVSLUDWRU\�HIIHFWV��L�H���OXQJ�IXQFWLRQ�GHFUHPHQWV

DQG�UHVSLUDWRU\�V\PSWRPV��RFFXU�ZKHQ�KXPDQ�VXEMHFWV�DUH�H[SRVHG�WR�2��ZKLOH�HQJDJLQJ�LQ

DFWLYLWLHV�LQYROYLQJ�LQWHUPLWWHQW��PRGHUDWH�H[HUWLRQ�IRU�SURORQJHG�H[SRVXUH�SHULRGV�RI���WR��

KUV���7KHVH�HIIHFWV�RFFXU�DW�ORZHU�FRQFHQWUDWLRQV�RI�2��DQG�DW�OHVV�VHYHUH�H[HUWLRQ�OHYHOV�WKDQ

IRU����WR���KU�H[SRVXUHV���2WKHU�HIIHFWV��VXFK�DV�WKH�SUHVHQFH�RI�ELRFKHPLFDO�LQGLFDWRUV�RI

LQIODPPDWLRQ�DQG�UHGXFWLRQV�LQ�SXOPRQDU\�GHIHQVH�PHFKDQLVPV�OHDGLQJ�WR�LQFUHDVHG

VXVFHSWLELOLW\�WR�LQIHFWLRQ��KDYH�DOVR�EHHQ�UHSRUWHG�IRU�SURORQJHG�H[SRVXUHV�DQG��LQ�VRPH�FDVHV�

IRU�VKRUW�WHUP�H[SRVXUHV�

7KLV�EULHI�VXPPDU\�RI�WKH�DYHUDJLQJ�WLPHV�DVVRFLDWHG�ZLWK�YDULRXV�DFXWH�KHDOWK�HIIHFWV

KLJKOLJKWV�WKDW�DYHUDJLQJ�WLPHV�RI���WR���KUV�DQG�RI���WR���KUV�KDYH�ERWK�EHHQ�DVVRFLDWHG�ZLWK�D

ZLGH�UDQJH�RI�REVHUYHG�UHVSLUDWRU\�HIIHFWV�FDXVHG�E\�2��H[SRVXUH���7KH�FXUUHQW���KU�DYHUDJLQJ

WLPH�LV�MXGJHG�WR�EH�PRVW�DSSURSULDWH�WR�DGGUHVV�DFXWH�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK����WR���KU

H[SRVXUHV�EHFDXVH�WKHVH�HIIHFWV�W\SLFDOO\�RFFXU�ZLWKLQ�WKH�ILUVW�KRXU�RI�H[SRVXUH��GXULQJ

PRGHUDWH�DQG�KHDY\�H[HUWLRQ���2Q�WKH�RWKHU�KDQG��DQ���KU�DYHUDJLQJ�WLPH�LV�MXGJHG�WR�EH�PRUH

DSSURSULDWH�IRU�DGGUHVVLQJ�VLPLODU�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK����WR���KU�H[SRVXUHV��VLQFH

KHDOWK�HIIHFWV�W\SLFDOO\�EXLOG�XS�RYHU�WLPH�LQ�PRGHUDWHO\�H[HUFLVLQJ�VXEMHFWV��DSSURDFKLQJ�D

SODWHDX�VRPHZKDW�EH\RQG�WKH�����KU�H[SRVXUH�SHULRGV�IRU�ZKLFK�PRVW�RI�WKH�SURORQJHG

H[SRVXUH�VWXGLHV�KDYH�EHHQ�FRQGXFWHG���)XUWKHUPRUH��LW�LV�JHQHUDOO\�FRQYHQLHQW�WR�DVVHVV�DLU

TXDOLW\�DQG�H[SRVXUH�SDWWHUQV�LQ���KU�WLPH�SHULRGV�

,Q�VHOHFWLQJ�DQ�DYHUDJLQJ�WLPH�RU�WLPHV�IRU�WKH�SULPDU\�2��1$$46��TXHVWLRQV�DULVH�DV

WR�ZKHWKHU�ERWK�D���KU�1$$46�DQG�DQ���KU�1$$46�DUH�QHFHVVDU\�DQG�DSSURSULDWH�WR�SURWHFW

SXEOLF�KHDOWK��DQG��LI�ERWK�DUH�QRW�QHHGHG��ZKLFK�DYHUDJLQJ�WLPH�LV�PRUH�DSSURSULDWH�

7KH�SULPDU\�ZD\�LQ�ZKLFK�WKHVH�TXHVWLRQV�KDYH�EHHQ�DGGUHVVHG�LQ�WKLV�GUDIW�6WDII�3DSHU

LV�WKURXJK�WKH�TXDQWLWDWLYH�ULVN�DQDO\VHV�SUHVHQWHG�LQ�VHFWLRQ�9�+���7KHVH�DQDO\VHV�SURGXFH

HVWLPDWHV�RI�WKH�UHGXFWLRQ�LQ�WKH�HVWLPDWHG�ULVNV�RI�ERWK����DQG���KU�HIIHFWV�DVVRFLDWHG�ZLWK
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DWWDLQLQJ�WKH�FXUUHQW���KU�VWDQGDUG�DQG�VHYHUDO�DOWHUQDWLYH���KU�VWDQGDUGV���$WWDLQPHQW�RI�DQ\

SDUWLFXODU���KU�RU���KU�VWDQGDUG�ZDV�PRGHOHG�E\�SURMHFWLQJ�D�FKDQJH�LQ�WKH�HQWLUH�DLU�TXDOLW\

GLVWULEXWLRQ�VXIILFLHQW�WR�MXVW�DWWDLQ�WKH�VWDQGDUG���7KH�UHVXOWLQJ�DLU�TXDOLW\�GLVWULEXWLRQ�LV�WKHQ

DQDO\]HG�LQ�WHUPV�RI�ERWK���KU�DQG���KU�DYHUDJH�FRQFHQWUDWLRQV�WR�GHYHORS�ULVN�HVWLPDWHV�IRU

FHUWDLQ�KHDOWK�HQGSRLQWV�DVVRFLDWHG�ZLWK���KU�DQG���KU�H[SRVXUHV���7KHVH�UHVXOWV�VKRZ�WKDW

DWWDLQLQJ�HLWKHU�WKH�FXUUHQW���KU�VWDQGDUG�RU�D������SSP����KU�VWDQGDUG�UHGXFHV�WKH�ULVN�RI

H[SHULHQFLQJ�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�HLWKHU���KU�RU���KU�2��H[SRVXUHV�LQ�DUHDV�WKDW�GR�QRW

FXUUHQWO\�DWWDLQ�WKH������SSP����KU�VWDQGDUG���/LNHZLVH��DWWDLQLQJ�PRVW�RI�WKH�DOWHUQDWLYH���KU

VWDQGDUGV�H[DPLQHG�UHGXFHV�WKH�ULVN�RI�H[SHULHQFLQJ�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�HLWKHU���KU

RU���KU�2��H[SRVXUHV�LQ�DUHDV�FXUUHQWO\�H[FHHGLQJ�WKH������SSP����KU�VWDQGDUG���%DVHG�RQ�WKHVH

DQDO\VHV��WKH�VWDII�EHOLHYHV�WKDW�DGHTXDWH�UHGXFWLRQV�LQ�ULVNV�IURP�ERWK���KU�DQG���KU�HIIHFWV�FDQ

EH�DFKLHYHG�WKURXJK�D�SULPDU\�VWDQGDUG�ZLWK�DQ�DYHUDJLQJ�WLPH�RI�HLWKHU���RU���KUV���6WDII

MXGJHV�WKDW�WKH���KU�DYHUDJLQJ�WLPH�LV�PRVW�GLUHFWO\�DVVRFLDWHG�ZLWK�KHDOWK�HIIHFWV�RI�FRQFHUQ�DW

WKH�ORZHVW�FRQFHQWUDWLRQ�RI�2����$V�D�UHVXOW��WKH�VWDII�FRQFOXGHV�WKDW�WKH�HVWDEOLVKPHQW�RI�ERWK

��KU�DQG���KU�VWDQGDUGV�LV�QRW�QHFHVVDU\�WR�UHGXFH�WKH�ULVNV�DVVRFLDWHG�ZLWK�WKH�UDQJH�RI�DFXWH

HIIHFWV�FRQVLGHUHG�LQ�WKHVH�DQDO\VHV���
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7KH�VWDII�DOVR�KDV�JLYHQ�FRQVLGHUDWLRQ�WR�WKH�TXHVWLRQ�RI�ZKHWKHU�ERWK�D����DQG���KU

VWDQGDUG�DUH�DSSURSULDWH���,Q�WKH�VWDII
V�MXGJPHQW��WZR�VKRUW�WHUP�VWDQGDUGV�FRXOG�EH

DSSURSULDWH�LI�WKH�FRPELQDWLRQ�RI�WZR�VXFK�VWDQGDUGV�ZHUH�GHWHUPLQHG�WR�EH�D�PRUH�HIILFLHQW

ZD\�WR�SURYLGH�SXEOLF�KHDOWK�SURWHFWLRQ�WKDQ�WKURXJK�D�VLQJOH�VWDQGDUG�ZLWK�DQ�DYHUDJLQJ�WLPH

RI�HLWKHU���RU���KRXUV���$�FRPELQDWLRQ�RI�VWDQGDUGV�PD\�EH�PRUH�HIIHFWLYH�LI��IRU�H[DPSOH��D���

KU�VWDQGDUG�ZRXOG�QHHG�WR�EH�VHW�DW�D�VLJQLILFDQWO\�ORZHU�OHYHO�WR�SURYLGH�DGHTXDWH�SURWHFWLRQ

IURP���KU�HIIHFWV�WKDQ�ZRXOG�RWKHUZLVH�EH�QHFHVVDU\�WR�SURYLGH�DGHTXDWH�SURWHFWLRQ�IURP�WKH���

KU�HIIHFWV��DQG�LI�VXFK�D�VWDQGDUG�ZRXOG��LQ�HIIHFW��UHSUHVHQW�RYHUFRQWURO�LQ�VRPH�JHRJUDSKLF

DUHDV�DV�D�UHVXOW�RI�YDU\LQJ�DLU�TXDOLW\�SDWWHUQV���,Q�ORRNLQJ�DW�ULVNV�DVVRFLDWHG�ZLWK�FKDQJHV�LQ

OXQJ�IXQFWLRQ�DQG�WKH�DUHDV�WKDW�ZRXOG�EH�LPSDFWHG�E\�DOWHUQDWLYH�VWDQGDUGV��VWDII�MXGJHV�WKDW

QHLWKHU�WKH���KU�QRU���KU�DYHUDJLQJ�WLPHV�DSSHDU�WR�KDYH�DQ\�DGYDQWDJH�LQ�HIILFLHQF\���%DVHG�RQ

WKH�DERYH��UHODWLYH�WR�WKH���KU�DOWHUQDWLYHV��VWDII�FRQFOXGHV�WKDW�HVWDEOLVKPHQW�RI�DQ���KU

VWDQGDUG�ZRXOG�OLNHO\�EH�PRUH�GLUHFWO\�UHODWHG�WR�SURYLGLQJ�SXEOLF�KHDOWK�SURWHFWLRQ��LQFUHDVHG

VWDELOLW\��DQG��E\�WDNLQJ�LQWR�DFFRXQW�PRUH�DLU�TXDOLW\�GDWD��ZRXOG�EH�D�PRUH�UREXVW�VWDQGDUG�

�� /RQJ�7HUP

7KHUH�LV�D�YHU\�ODUJH�DQLPDO�WR[LFRORJ\�GDWD�EDVH�SURYLGLQJ�FOHDU�HYLGHQFH�RI�OXQJ

WLVVXH�GDPDJH��ZLWK�DGGLWLRQDO�HYLGHQFH�RI�UHGXFHG�OXQJ�HODVWLFLW\�DQG�ORVV�RI�OXQJ�IXQFWLRQ�

FDXVHG�E\�H[SRVXUHV�WR�KLJKHU�OHYHOV�RI�VLPXODWHG�DPELHQW�2���WKRXJK�QRW�DW�RU�EHORZ�����

SSP�2���ODVWLQJ�IURP�D�IHZ�PRQWKV�WR�\HDUV���$OWKRXJK�WKHUH�KDYH�EHHQ�VXEVWDQWLDO�UHFHQW

DGYDQFHPHQWV�LQ�GRVLPHWU\�H[WUDSRODWLRQ�IURP�DQLPDOV�WR�KXPDQV��VHH�&'��&KDSWHU�����IXUWKHU

UHVHDUFK�LQ�WKH�DUHD�RI�VSHFLHV�VHQVLWLYLW\�PXVW�EH�FRQGXFWHG�EHIRUH�TXDQWLWDWLYH�OLQNDJHV�WR

VSHFLILF�KHDOWK�HIIHFWV�LQ�KXPDQ�FRXOG�EH�HVWDEOLVKHG�ZLWK�NQRZQ�XQFHUWDLQW\�

)XUWKHU��VLQFH�WKHUH�LV�FRQVLGHUDEOH�XQFHUWDLQW\�UHJDUGLQJ�WKH�WHPSRUDO�SDWWHUQV�DQG

OHYHOV�RI�H[SRVXUH�WKDW�PLJKW�EH�PRVW�GLUHFWO\�DVVRFLDWHG�ZLWK�DQ\�VXFK�FKURQLF�HIIHFWV��VKRXOG

WKH\�RFFXU��LQ�KXPDQV��L�H���WKH�LPSRUWDQFH�RI�WKH�RFFXUUHQFH�DQG�SDWWHUQ�RI�UHSHDWHG�VKRUW�

WHUP�DQG�RU�SURORQJHG�SHDNV�UHODWLYH�WR�FXPXODWLYH�WRWDO�H[SRVXUH���LW�LV�QRW�SRVVLEOH�WR

HYDOXDWH�WKH�H[WHQW�WR�ZKLFK�HLWKHU�D����RU���KU�VWDQGDUG�ZRXOG�FRQWULEXWH�WR�SURWHFWLQJ�DJDLQVW

DQ\�VXFK�HIIHFWV���2Q�WKH�RWKHU�KDQG��LW�LV�OLNHO\�WKDW�WKH�DOWHUQDWLYH����DQG���KU�VWDQGDUGV�XQGHU

FRQVLGHUDWLRQ�ZRXOG�GLUHFWLRQDOO\�SURYLGH�SURWHFWLRQ�DJDLQVW�VXFK�HIIHFWV�VKRXOG�WKH\�RFFXU��LQ

WKDW�VXFK�DOWHUQDWLYHV�ZRXOG�UHVXOW�LQ�ERWK�ORZHU�VKRUW�WHUP�DQG�SURORQJHG�SHDNV�DV�ZHOO�DV
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ORZHU�RYHUDOO�2��FRQFHQWUDWLRQ�GLVWULEXWLRQV�ZKLFK�ZRXOG�UHGXFH�FXPXODWLYH�ORQJ�WHUP

H[SRVXUHV���7KXV��XQWLO�DGGLWLRQDO�UHVHDUFK�DQG�UHODWHG�DQDO\VHV�KDYH�EHHQ�FRQGXFWHG��WKH�VWDII

EHOLHYHV�WKDW�FRQVLGHUDWLRQ�RI�D�VHSDUDWH�ORQJ�WHUP�2��1$$46�LV�QRW�DSSURSULDWH�

&� )RUP�RI�WKH�6WDQGDUG

%DVHG�XSRQ�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�&'�DQG�VHFWLRQV�,9�DQG�9�,�RI�WKLV�6WDII

3DSHU��DQG�RQ�GLVFXVVLRQV�DQG�FRPPHQWV�UHFHLYHG�GXULQJ�WKH�UHYLHZ�RI�WKH�&OHDQ�$LU�$FW

2]RQH�'HVLJQ�9DOXH�6WXG\��WKH�VWDII�KDV�UHDFKHG�WKH�IROORZLQJ�FRQFOXVLRQV�RQ�WKH�IRUP�RI�WKH

VWDQGDUG���6WDII�FRQFOXGHV�WKDW�VHYHUDO�WHVW�VWDWLVWLFV�VKRXOG�EH�FRQVLGHUHG�LQ�VSHFLI\LQJ�WKH

IRUP�RI�DQ\�QHZ�RU�UHYLVHG�SULPDU\�VWDQGDUGV���6XFK�WHVW�VWDWLVWLFV�LQFOXGH�WKH�H[SHFWHG

H[FHHGDQFH�UDWH��LQFOXGLQJ�ERWK�WKH���H[SHFWHG�H[FHHGDQFH��WKH�EDVLV�IRU�WKH�FXUUHQW�VWDQGDUG�

DQG�PXOWLSOH�H[FHHGDQFHV��XS�WR���H[SHFWHG�H[FHHGDQFHV��SHU�\HDU�DYHUDJHG�RYHU�WKUHH�\HDUV�

DV�ZHOO�DV�FRQFHQWUDWLRQ�EDVHG�WHVW�VWDWLVWLFV��LQFOXGLQJ�LQ�SDUWLFXODU�WKH�DYHUDJH�VHFRQG�WR�WKH

ILIWK�KLJKHVW�GDLO\�PD[LPXP���KU�FRQFHQWUDWLRQ�DYHUDJHG�RYHU�WKUHH�\HDUV���,Q�DGGLWLRQ�

VSHFLI\LQJ�WKH�VWDQGDUG�LQ�WHUPV�RI�D�UDQJH�RI�DLU�TXDOLW\�YDOXHV��H�J���WKH�VHFRQG�WR�WKH�ILIWK

KLJKHVW�GDLO\�PD[LPXP���KU�DYHUDJH�FRQFHQWUDWLRQ��DYHUDJHG�RYHU�D���\HDU�SHULRG��VKRXOG�DOVR

EH�FRQVLGHUHG���,Q�FRQMXQFWLRQ�ZLWK�VXFK�DOWHUQDWLYH�VWDWLVWLFV��VRPH�IRUP�RI�VSDWLDO�DYHUDJLQJ

RU�SRSXODWLRQ�ZHLJKWLQJ�DFURVV�PRQLWRUV�PD\�DOVR�ZDUUDQW�FRQVLGHUDWLRQ�

'� /HYHO�RI�WKH�6WDQGDUG

$V�GLVFXVVHG�DW�WKH�EHJLQQLQJ�RI�WKLV�VHFWLRQ��WKH�VWDII
V�DSSURDFK�WR�IRUPXODWLQJ

UHFRPPHQGDWLRQV�ZLWK�UHJDUG�WR�DQ�DSSURSULDWH�UDQJH�RI�VWDQGDUG�OHYHOV�IRFXVHV�RQ�JHQHUDO

FRQFOXVLRQV�UHJDUGLQJ�ORZHVW�REVHUYHG�HIIHFW�OHYHOV�DQG�D�TXDOLWDWLYH�DVVHVVPHQW�RI�HYLGHQFH

UHJDUGLQJ�KHDOWK�HIIHFWV�IRU�ZKLFK�QR�TXDQWLWDWLYH�HVWLPDWHV�RI�ULVNV�ZHUH�GHYHORSHG��WRJHWKHU

ZLWK�TXDQWLWDWLYH�ULVN�DVVHVVPHQWV�IRU�VHOHFWHG�KHDOWK�HIIHFWV�WR�SURYLGH�DGGLWLRQDO�LQSXW�LQWR

FRQVLGHUDWLRQ�RI�DQ�DGHTXDWH�PDUJLQ�RI�VDIHW\���7KH�VWDII
V�FRQFOXVLRQV�SUHVHQWHG�LQ�WKLV�6WDII

3DSHU�DUH�LQIRUPHG�E\�TXDOLWDWLYH�HYLGHQFH�GLVFXVVHG�LQ�VHFWLRQ�9�'��MXGJPHQWV�DERXW

DGYHUVLW\�GLVFXVVHG�LQ�VHFWLRQ�9�)��DQG�H[SRVXUH�DQG�ULVN�HVWLPDWHV�IRU�VHOHFWHG�KHDOWK

HQGSRLQWV�IRU�VHQVLWLYH�SRSXODWLRQ�JURXSV�VXPPDUL]HG�LQ�VHFWLRQV�9�*�DQG�9�+�DQG

$SSHQGLFHV�%�DQG�&���&RQVLVWHQW�ZLWK�WKH�DERYH�FRQFOXVLRQV�RQ�DYHUDJLQJ�WLPHV��WKH�IROORZLQJ

GLVFXVVLRQV�DQG�FRQFOXVLRQV�DUH�SULPDULO\�GLUHFWHG�WRZDUG�LGHQWLI\LQJ�D�UDQJH�RI�OHYHOV

DVVRFLDWHG�ZLWK�DOWHUQDWLYH���KU�VWDQGDUGV�IRU�FRQVLGHUDWLRQ�E\�WKH�$GPLQLVWUDWRU�LQ�VHOHFWLQJ�D
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VWDQGDUG�V��WKDW��LQ�KHU�MXGJPHQW��ZRXOG�UHGXFH�ULVNV�WR�SXEOLF�KHDOWK�VXIILFLHQWO\�WR�SURWHFW

SXEOLF�KHDOWK�ZLWK�DQ�DGHTXDWH�PDUJLQ�RI�VDIHW\�

�� *HQHUDO�&RQFOXVLRQV

7DNLQJ�LQWR�DFFRXQW�LQIRUPDWLRQ�RQ�KHDOWK�HIIHFWV��VHQVLWLYH�DQG�DW�ULVN�SRSXODWLRQV��DQG

DGYHUVLW\�RI�HIIHFWV�FRQWDLQHG�LQ�WKH�&'�DQG�LQ�VHFWLRQ�9�RI�WKLV�6WDII�3DSHU��WKH�VWDII�KDV

GUDZQ�WKH�IROORZLQJ�FRQFOXVLRQV�ZLWK�UHJDUG�WR�HIIHFWV�WKDW�WKH�VWDII�MXGJHV�DUH�RI�SDUWLFXODU

LPSRUWDQFH�LQ�FRQVLGHULQJ�WKH�QHHG�IRU�QHZ�RU�UHYLVHG�SULPDU\�2��1$$46�

,Q�FRQWUROOHG�H[SRVXUH�KXPDQ�VWXGLHV��WKH�ORZHVW�UDQJH�ZLWKLQ�ZKLFK����WR���KU

H[SRVXUHV�WR�2��DW�KHDY\�H[HUWLRQ�KDYH�LQGXFHG�JURXS�PHDQ�VWDWLVWLFDOO\�VLJQLILFDQW�OXQJ

IXQFWLRQ�GHFUHPHQWV�LV������WR������SSP��DQG�WKH�ORZHVW�UDQJH�ZLWKLQ�ZKLFK����WR���KU

H[SRVXUHV�WR�2��DW�PRGHUDWH�H[HUWLRQ�KDYH�LQGXFHG�JURXS�PHDQ�VWDWLVWLFDOO\�VLJQLILFDQW

OXQJ�IXQFWLRQ�GHFUHPHQWV�LV������WR������SSP���,Q�HSLGHPLRORJ\�VWXGLHV��VLPLODU�HIIHFWV

KDYH�EHHQ�DVVRFLDWHG�ZLWK�VKRUW�WHUP�DPELHQW�2��H[SRVXUHV�EHORZ������SSP�ZKHQ

VXEMHFWV�ZHUH�HQJDJHG�LQ�SK\VLFDO�DFWLYLW\�

,Q�FRQWUROOHG�H[SRVXUH�KXPDQ�VWXGLHV��WKH�ORZHVW�UDQJH�ZLWKLQ�ZKLFK����WR���KU

H[SRVXUHV�WR�2��DW�KHDY\�H[HUWLRQ�KDYH�LQGXFHG�JURXS�PHDQ�VWDWLVWLFDOO\�VLJQLILFDQW

UHVSLUDWRU\�V\PSWRPV��LQFOXGLQJ�FRXJK�DQG�SDLQ�RQ�GHHS�LQVSLUDWLRQ��LV������WR�����

SSP��DQG�WKH�ORZHVW�UDQJH�ZLWKLQ�ZKLFK����WR���KU�H[SRVXUHV�WR�2��DW�PRGHUDWH�H[HUWLRQ

KDYH�LQGXFHG�JURXS�PHDQ�VWDWLVWLFDOO\�VLJQLILFDQW�UHVSLUDWRU\�V\PSWRPV�LV������WR�����

SSP�

7KHVH�OXQJ�IXQFWLRQ�DQG�V\PSWRPV�HIIHFWV�DUH�EDVHG�RQ�QXPHURXV�FRQWUROOHG�KXPDQ

H[SRVXUH�DQG�ILHOG�VWXGLHV�RI�ERWK�KHDOWK\�DQG�UHVSLUDWRU\�LPSDLUHG��H�J���DVWKPDWLF��VXEMHFWV��

$V�GLVFXVVHG�LQ�VHFWLRQ�9�)��WKH�VWDII�FRQFOXGHV�WKDW�WKHVH�HIIHFWV�DUH�DGYHUVH�WR�KHDOWK\

LQGLYLGXDOV�DQG�WKRVH�ZLWK�LPSDLUHG�UHVSLUDWRU\�V\VWHPV�H[SHULHQFLQJ�WKHVH�HIIHFWV�DW�OHYHOV

FKDUDFWHUL]HG�DV�VHYHUH�LQ�7DEOH�9����DQG�WKDW�WKH�DGYHUVLW\�RI�HIIHFWV�OHYHOV�FDWHJRUL]HG�DV

PRGHUDWH�IRU�KHDOWK\�LQGLYLGXDOV�LV�D�IXQFWLRQ�RI�WKH�QXPEHU�RI�WLPHV�DQ�DIIHFWHG�LQGLYLGXDO

ZRXOG�H[SHULHQFH�VXFK�HIIHFWV��DQG�LV�D�PDWWHU�IRU�WKH�$GPLQLVWUDWRU
V�MXGJPHQW���7KH�VWDII

DOVR�FRQFOXGHV�WKDW�WKH�SRSXODWLRQ�JURXS�DW�JUHDWHVW�ULVN�IRU�H[SHULHQFLQJ�OXQJ�IXQFWLRQ�HIIHFWV

LV�DFWLYH�RXWGRRU�FKLOGUHQ��L�H���FKLOGUHQ�ZKR�W\SLFDOO\�SOD\�RXWGRRUV�GXULQJ�VXPPHU�ZKHQ�2�

OHYHOV�DUH�KLJKHVW��HQJDJHG�LQ�SK\VLFDO�DFWLYLW\��ZLWK�RXWGRRU�ZRUNHUV�HQJDJHG�LQ�SK\VLFDO
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ODERU�DOVR�EHLQJ�DW�LQFUHDVHG�ULVN�UHODWLYH�WR�WKH�HQWLUH�SRSXODWLRQ���%RWK�RXWGRRU�ZRUNHUV�DQG

RXWGRRU�FKLOGUHQ�DUH�DW�LQFUHDVHG�ULVN�IRU�H[SHULHQFLQJ�V\PSWRPV��EDVHG�RQ�H[SRVXUH

HVWLPDWHV��DOWKRXJK�FKLOGUHQ�GR�QRW�W\SLFDOO\�UHSRUW�V\PSWRPV�WR�WKH�VDPH�GHJUHH�DV�DGXOWV��

7KHVH�JURXSV�HQJDJH�LQ�DFWLYLWLHV�UHTXLULQJ�H[HUWLRQ�DW�OHYHOV�WKDW�DUH�DVVRFLDWHG�ZLWK

VLJQLILFDQW�OXQJ�IXQFWLRQ�GHFUHPHQWV�DQG�V\PSWRPV�

,Q�PDNLQJ�MXGJPHQWV�DERXW�WKH�OHYHO�DW�ZKLFK�SXEOLF�KHDOWK�SURWHFWLRQ�IURP�WKHVH�HIIHFWV

LQFRUSRUDWHV�DQ�DGHTXDWH�PDUJLQ�RI�VDIHW\��WKH�VWDII�EHOLHYHV�WKDW�LW�LV�LPSRUWDQW��ZKHQ�SRVVLEOH�

WR�FRQVLGHU�����WKH�H[WHQW�WR�ZKLFK�DW�ULVN�JURXSV�DUH�OLNHO\�WR�EH�H[SRVHG�WR�DPELHQW

FRQFHQWUDWLRQV�DVVRFLDWHG�ZLWK�VXFK�DGYHUVH�HIIHFWV������WKH�PHFKDQLVPV�E\�ZKLFK�WKH\�RFFXU�

DQG�����WKH�UHVXOWLQJ�ULVN�RI�H[SHULHQFLQJ�DGYHUVH�HIIHFWV�SUHGLFWHG�IRU�WKHVH�DW�ULVN�JURXSV��

7KH�H[SRVXUH�DQG�ULVN�DQDO\VHV�WKDW�KDYH�EHHQ�GRQH�WR�IXUWKHU�LQIRUP�WKLV�GHFLVLRQ�WDNH�LQWR

DFFRXQW�WKH�VLJQLILFDQW�YDULDELOLW\�LQ�UHVSRQVHV�WKDW�KDYH�EHHQ�REVHUYHG�LQ�WKHVH�VWXGLHV��LQ�WKDW

VRPH�LQGLYLGXDOV�H[SHULHQFH�OXQJ�IXQFWLRQ�GHFUHPHQWV�DQG�V\PSWRPV�ERWK�JUHDWHU�WKDQ�DQG�OHVV

WKDQ�WKH�JURXS�PHDQ���)XUWKHUPRUH��WKHVH�DQDO\VHV�UHFRJQL]H�WKDW�WKHUH�LV�QR�LQGLFDWLRQ�WKDW�D

WKUHVKROG�H[LVWV�DW�WKH�ORZHU�HQG�RI�WKHVH�UDQJHV���'UDZLQJ�IURP�WKH�UHVXOWV�RI�WKH�ULVN�DQDO\VLV

SUHVHQWHG�LQ�VHFWLRQ�9�+��WKH�QH[W�VHFWLRQ�VXPPDUL]HV�ULVN�LQIRUPDWLRQ�WKDW�WKH�VWDII�EHOLHYHV�LV

UHOHYDQW�WR�WKH�$GPLQLVWUDWRU
V�FRQVLGHUDWLRQ�RI�DQ�DGHTXDWH�PDUJLQ�RI�VDIHW\�ZLWK�UHJDUG�WR

OXQJ�IXQFWLRQ�DQG�V\PSWRP�HIIHFWV�DVVRFLDWHG�ZLWK�ERWK����WR���KU�DQG����WR���KU�H[SRVXUHV�WR

2��

7KH�ORZHVW�REVHUYHG�HIIHFWV�OHYHO�DW�ZKLFK����WR���KU�H[SRVXUHV�WR�2��DW�YHU\�KHDY\

H[HUFLVH�KDYH�LQGXFHG�LQFUHDVHV�LQ�QRQVSHFLILF�EURQFKLDO�UHVSRQVLYHQHVV�LQ�KHDOWK\

DGXOWV�LV������SSP��DQG�WKH�UDQJH�DW�ZKLFK����WR���KU�H[SRVXUHV�WR�2��DW�PRGHUDWH

H[HUWLRQ�KDYH�LQGXFHG�VXFK�LQFUHDVHV�LQ�QRQVSHFLILF�EURQFKLDO�UHVSRQVLYHQHVV�LV������WR

�����SSP���([HUFLVLQJ�DVWKPDWLF�LQGLYLGXDOV�H[SHULHQFH�ODUJHU�LQFUHDVHV�LQ�QRQVSHFLILF

EURQFKLDO�UHVSRQVLYHQHVV�DW�ORZHU�2��H[SRVXUHV��EXW�HYLGHQFH�LV�WRR�OLPLWHG�WR�GUDZ

TXDQWLWDWLYH�FRQFOXVLRQV�DW�WKLV�WLPH�

1RQVSHFLILF�EURQFKLDO�UHVSRQVLYHQHVV�LV�DQ�LQGLFDWLRQ�RI�DQ�LQGLYLGXDO
V�VXVFHSWLELOLW\�WR

VWLPXOL�VXFK�DV�DQWLJHQV��FKHPLFDOV��DQG�SDUWLFOHV��KDV�EHHQ�GHPRQVWUDWHG�LQ�ERWK�KXPDQ�DQG

DQLPDO�VWXGLHV���6WDII�EHOLHYHV�WKDW�LQFUHDVHV�LQ�QRQVSHFLILF�EURQFKLDO�UHVSRQVLYHQHVV�KDYH�WKH

SRWHQWLDO�WR�DJJUDYDWH�DVWKPD�DQG�RWKHU�W\SHV�RI�SUHH[LVWLQJ�UHVSLUDWRU\�LPSDLUPHQW��DQG��WKXV�
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VWDII�FRQFOXGHV�WKDW�WKLV�HIIHFW�PD\�EH�DGYHUVH�IRU�VRPH�H[HUFLVLQJ�LQGLYLGXDOV�ZLWK

VLJQLILFDQWO\�LPSDLUHG�UHVSLUDWRU\�V\PSWRPV�DW�OHYHOV�FKDUDFWHUL]HG�DV�PRGHUDWH�LQ�7DEOH�9���

7KH�ORZHVW�OHYHO�DW�ZKLFK����WR���KU�H[SRVXUHV�WR�2��RI�KHDOWK\�DGXOWV�HQJDJHG�LQ

DFWLYLWLHV�LQYROYLQJ�YHU\�KHDY\�H[HUWLRQ�KDYH�EHHQ�WHVWHG�DQG�KDYH�LQGXFHG�ELRFKHPLFDO

LQGLFDWRUV�RI�SXOPRQDU\�LQIODPPDWLRQ�LV������SSP��DQG�WKH�UDQJH�IRU�ZKLFK����WR���KU

H[SRVXUHV�WR�2��RI�KHDOWK\�DGXOWV�HQJDJHG�LQ�PRGHUDWH�H[HUWLRQ�KDYH�LQGXFHG�WKLV�HIIHFW

LV������WR������SSP�

7KHVH�LQGLFDWRUV�RI�LQIODPPDWLRQ�KDYH�EHHQ�REVHUYHG�LQ�ERWK�FRQWUROOHG�KXPDQ

H[SRVXUH�VWXGLHV�DQG�LQ�H[SHULPHQWDO�DQLPDO�VWXGLHV���:KLOH�WKHUH�LV�GLYHUJHQW�RSLQLRQ�DV�WR�WKH

FOLQLFDO�VLJQLILFDQFH�RI�D�VLQJXODU�RFFXUUHQFH�RI�DFXWH�SXOPRQDU\�LQIODPPDWLRQ��WKH�VWDII

EHOLHYHV�WKDW�EDVHG�RQ�VFLHQWLILF�HYLGHQFH�UHSHDWHG�RFFXUUHQFHV�RI�DFXWH�SXOPRQDU\

LQIODPPDWLRQ�RYHU�SHULRGV�ODVWLQJ�PRQWKV�WR�\HDUV�KDYH�WKH�SRWHQWLDO�WR�UHVXOW�LQ�VWUXFWXUDO

FKDQJHV�LQ�WKH�OXQJV�IRU�ZKLFK�WKHUH�LV�VXJJHVWLYH�HYLGHQFH�RI�DQ�DVVRFLDWLRQ�ZLWK�SHUPDQHQW

UHVSLUDWRU\�LQMXU\�DQG�RU�SURJUHVVLYH�G\VIXQFWLRQ���7KLV�YLHZ�LV�VXSSRUWHG�ERWK�E\�WKH�OLQNDJHV

WKDW�KDYH�EHHQ�GHPRQVWUDWHG�EHWZHHQ�WKH�ELRFKHPLFDO�LQGLFDWRUV�RI�LQIODPPDWLRQ�LGHQWLILHG�LQ

WKH�IOXLGV�H[WUDFWHG�IURP�WKH�OXQJV�RI�KXPDQV�DIWHU�VKRUW�WHUP�DQG�SURORQJHG�H[SRVXUHV�WR�2�

DQG�WKH�VWUXFWXUDO�GDPDJH�ZKLFK�KDV�EHHQ�UHSRUWHG�LQ�ODERUDWRU\�DQLPDOV�DV�D�UHVXOW�RI�ORQJ�

WHUP�H[SRVXUHV�WR�2���

,Q�PDNLQJ�MXGJPHQWV�DERXW�WKH�VWDQGDUG�OHYHO�DW�ZKLFK�SXEOLF�KHDOWK�LV�SURWHFWHG�DJDLQVW

LQGLFDWRUV�RI�DFXWH�SXOPRQDU\�LQIODPPDWLRQ�ZLWK�DQ�DGHTXDWH�PDUJLQ�RI�VDIHW\��WKH�VWDII

EHOLHYHV�WKDW�WKH�H[SRVXUH�DQDO\VLV�SUHVHQWHG�LQ�6HFWLRQ�9�*�SURYLGHV�XVHIXO�LQIRUPDWLRQ���6XFK

LQIRUPDWLRQ�LV�VXPPDUL]HG�LQ�WKH�QH[W�VHFWLRQ�XQGHU�PDUJLQ�RI�VDIHW\�FRQVLGHUDWLRQV���1R�ULVN

DVVHVVPHQW�KDV�EHHQ�FRQGXFWHG�IRU�WKH�HIIHFW�GXH�WR�����WKH�OLPLWHG�DPRXQW�RI�GDWD�ZKLFK�LV

LQVXIILFLHQW�WR�GHULYH�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�DQG�����WKH�XQFHUWDLQWLHV�ZKLFK�UHPDLQ�LQ

WKH�GRVLPHWULF�H[WUDSRODWLRQ�RI�DQLPDO�WR�KXPDQ�GDWD��DV�GLVFXVVHG�LQ�&KDSWHU���RI�WKH�&'���DV

ZHOO�DV�ODUJH�REVHUYHG�GLIIHUHQFHV�LQ�VSHFLHV�VHQVLWLYLW\�EHWZHHQ�KXPDQV�DQG�ODERUDWRU\

DQLPDOV�WKDW�LV�\HW�WR�EH�DGHTXDWHO\�XQGHUVWRRG�

(YLGHQFH�IURP�DQLPDO�WR[LFRORJ\�VWXGLHV�VXJJHVW�WKDW�DFXWH�H[SRVXUHV�WR�2��LQ�WKH�UDQJH

RI������WR������SSP�FDQ�LQGXFH�SXOPRQDU\�FKDQJHV�WKDW�GHFUHDVH�WKH�HIIHFWLYHQHVV�RI

WKH�OXQJ
V�GHIHQVHV�DJDLQVW�EDFWHULDO�OXQJ�LQIHFWLRQV�
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7KH�VWDII�FRQFOXGHV�WKDW�WKHUH�LV�DGHTXDWH�HYLGHQFH�WR�UHDVRQDEO\�DQWLFLSDWH�WKDW�VXFK

UHGXFWLRQV�LQ�WKH�KXPDQ�GHIHQVH�PHFKDQLVPV�FRXOG�UHVXOW�LQ�LQFUHDVHG�VXVFHSWLELOLW\�WR

SXOPRQDU\�LQIHFWLRQ���7KLV�FRQFOXVLRQ�LV�EDVHG�LQ�ODUJH�SDUW�RQ�WKH�H[LVWHQFH�RI�D�VXEVWDQWLDO

DQLPDO�WR[LFRORJ\�GDWD�EDVH�ZKLFK�LQGLFDWHV�WKDW�2��LQFUHDVHV�VXVFHSWLELOLW\�RI�H[SHULPHQWDO

DQLPDOV�WR�UHVSLUDWRU\�LQIHFWLRQ���$OWKRXJK�IHZ�FRQWUROOHG�KXPDQ�H[SRVXUH�VWXGLHV�KDYH�EHHQ

FRQGXFWHG�WR�DVVHVV�WKH�LPSDFW�RI�H[SRVLQJ�KXPDQ�VXEMHFWV�WR�2��DQG�D�EDFWHULDO�FKDOOHQJH�

WKRVH�WKDW�KDYH�EHHQ�FRQGXFWHG�KDYH�SURYLGHG�LQVXIILFLHQW�HYLGHQFH�RI�LQFUHDVHG�VXVFHSWLELOLW\

WR�LQIHFWLRQ�FDXVHG�E\�2����7KLV�PD\�ZHOO�EH�D�UHVXOW�RI�WKH�H[WUHPHO\�FDXWLRXV�PDQQHU�LQ

ZKLFK�WKHVH�VWXGLHV�PXVW�EH�FRQGXFWHG�ZKHQ�XVLQJ�KXPDQ�VXEMHFWV�ZLWK�LQIHFWLRXV�PDWHULDO�

+RZHYHU��GHVSLWH�OLPLWHG�KXPDQ�GDWD��D�ELRORJLFDOO\�SODXVLEOH�FDVH�FDQ�EH�PDGH�IRU

SURORQJHG�H[SRVXUHV�WR�2��LQFUHDVLQJ�KXPDQ�VXVFHSWLELOLW\�WR�UHVSLUDWRU\�LQIHFWLRQ���7KHUH�H[LVW

PDQ\�VLPLODULWLHV�EHWZHHQ�ODERUDWRU\�DQLPDOV�DQG�KXPDQV�ZLWK�UHJDUG�WR�PDQ\�RI�WKH�KRVW

GHIHQVH�PHFKDQLVPV�XVHG�WR�GHIHQG�DJDLQVW�LQIHFWLRQV�RI�WKH�OXQJ���:KHQ�WKH�DELOLW\�RI�WKH

OXQJV�RI�HLWKHU�KXPDQV�RU�DQLPDOV�WR�GHVWUR\�LQYDGLQJ�PLFUREHV�RU�WR�UHPRYH�LQKDOHG

SDUWLFXODWH�PDWWHU�LV�DGYHUVHO\�DIIHFWHG�E\�LQKDOHG�2���LW�LV�UHDVRQDEOH�WR�DQWLFLSDWH�WKDW�WKHUH

ZLOO�EH�DQ�LQFUHDVHG�ULVN�RI�GHYHORSLQJ�UHVSLUDWRU\�LQIHFWLRQ���'HSHQGLQJ�RQ�WKH�OHYHO�RI�2�

H[SRVXUH��WKH�SHULRG�RI�WLPH�RU�QXPEHU�RI�WLPHV�H[SRVHG��DQG�WKH�VXVFHSWLELOLW\�RI�WKH

LQGLYLGXDO�H[SRVHG��WKH�UHVXOWLQJ�UHVSLUDWRU\�LQIHFWLRQ�FRXOG�EH�UHODWLYHO\�PLQRU�RU�UHVXOW�LQ�WKH

QHHG�IRU�KRVSLWDOL]DWLRQ��

([SRVXUHV�WR�2���DV�FXUUHQWO\�H[SHULHQFHG�LQ�VHYHUDO�FLWLHV�LQ�WKH�HDVWHUQ�8QLWHG�6WDWHV

DQG�&DQDGD��DUH�DVVRFLDWHG�ZLWK�H[FHVV�KRVSLWDO�DGPLVVLRQV�DQG�HPHUJHQF\�URRP�YLVLWV

IRU�UHVSLUDWRU\�FDXVHV��ZLWK�HYLGHQFH�RI�WKLV�HIIHFW�RFFXUULQJ�WR�VRPH�H[WHQW�HYHQ�ZKHQ

KRXUO\�2��FRQFHQWUDWLRQV�DUH�DV�ORZ�DV������WR������SSP�

,Q�D�QXPEHU�RI�HSLGHPLRORJLFDO�VWXGLHV��OLQHDU��QRQWKUHVKROG�DVVRFLDWLRQV�KDYH�EHHQ

UHSRUWHG�EHWZHHQ�WKH�GDLO\�PD[LPXP�KRXUO\�2��FRQFHQWUDWLRQ�RQ�WKH�GD\�SULRU�WR�DGPLVVLRQV

DQG�DQ�LQFUHDVH�LQ�KRVSLWDO�DGPLVVLRQV�DQG�HPHUJHQF\�URRP�YLVLWV�IRU�UHVSLUDWRU\�FDXVHV��

7KHVH�HIIHFWV�KDYH�EHHQ�DWWULEXWHG�SULPDULO\�WR�2��H[SRVXUHV��VLQFH�WKH�HIIHFWV�RI�FRSROOXWDQWV

DQG�RWKHU�FRQIRXQGLQJ�IDFWRUV�ZHUH�MXGJHG�LQ�WKH�&'�WR�EH�DGHTXDWHO\�DFFRXQWHG�IRU�LQ�WKHVH

DQDO\VHV���7KH�ELRORJLFDO�SODXVLELOLW\�RI�2��UHODWHG�LQFUHDVHV�LQ�KRVSLWDO�DGPLVVLRQV�LV�IXUWKHU

VXSSRUWHG�E\�WKH�FRQWUROOHG�KXPDQ�H[SRVXUH�GDWD�VKRZLQJ�2��LQGXFHG�LQFUHDVHV�LQ�QRQVSHFLILF
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EURQFKLDO�UHVSRQVLYHQHVV�DQG�WKH�DQLPDO�WR[LFRORJ\�GDWD�QRWHG�DERYH�ZLWK�UHVSHFW�WR�LQFUHDVHG

VXVFHSWLELOLW\�WR�UHVSLUDWRU\�LQIHFWLRQ�

,Q�RUGHU�WR�SURYLGH�IRU�PRUH�LQIRUPHG�MXGJPHQWV�UHJDUGLQJ�ZKLFK�VWDQGDUGV�ZRXOG

UHGXFH�ULVNV�WR�SXEOLF�KHDOWK�VXIILFLHQWO\�WR�SURWHFW�SXEOLF�KHDOWK�ZLWK�DQ�DGHTXDWH�PDUJLQ�RI

VDIHW\��WKH�VWDII�KDV�FRQGXFWHG�D�TXDQWLWDWLYH�ULVN�DVVHVVPHQW��ZKLFK�LV�GLVFXVVHG�LQ�6HFWLRQ

9�+���7KDW�ULVN�DVVHVVPHQW��ZKLFK�XVHV�DLU�TXDOLW\�PRQLWRULQJ�GDWD�DQG�KRVSLWDO�DGPLVVLRQV

GDWD�IURP�1HZ�<RUN�&LW\��LV�VXPPDUL]HG�LQ�WKH�QH[W�VHFWLRQ�XQGHU�PDUJLQ�RI�VDIHW\

FRQVLGHUDWLRQV���)XUWKHU��WKH�VWDII�EHOLHYHV�WKDW�LW�LV�QRW�\HW�SRVVLEOH�WR�DVVHVV�DQ\�DVVRFLDWLRQ

EHWZHHQ�HLWKHU�H[FHVV�KRVSLWDO�DGPLVVLRQV�RU�HPHUJHQF\�URRP�YLVLWV�DQG����WR���KU�H[SRVXUHV

EHFDXVH�PRVW�RI�WKH�EDVLF�GDWD�KDYH�QRW�EHHQ�DQDO\]HG�LQ�WHUPV�RI���KU�DYHUDJH�FRQFHQWUDWLRQV

DW�WKLV�WLPH��DOWKRXJK�VXFK�DQ�DVVRFLDWLRQ�ZLWK���KU�H[SRVXUHV�KDV�EHHQ�UHSRUWHG�

$Q�DVVRFLDWLRQ�EHWZHHQ�GDLO\�PRUWDOLW\�DQG�H[SRVXUH�WR�2��LQ�DQ�DUHD�ZLWK�YHU\�KLJK�2�

OHYHOV��L�H���/RV�$QJHOHV��KDV�EHHQ�VXJJHVWHG��DOWKRXJK�WKH�PDJQLWXGH�RI�VXFK�DQ�HIIHFW

UHPDLQV�XQFOHDU�DW�WKLV�WLPH�

5HDQDO\VLV�RI�����
V�GDWD�IURP�/RV�$QJHOHV�&RXQW\�VXJJHVWV�WKDW�2��H[SRVXUHV�DUH

DVVRFLDWHG�ZLWK�D�VPDOO��EXW�VWDWLVWLFDOO\�VLJQLILFDQW��SRUWLRQ�RI�GD\�WR�GD\�YDULDWLRQV�LQ�WRWDO

GDLO\�PRUWDOLW\�LQ�WKDW�FLW\��ZKHUH�KRXUO\�2��FRQFHQWUDWLRQV�!�����SSP�RFFXU��RYHU�D����\HDU

SHULRG���+RZHYHU��WKH�UHVHDUFKHUV�ZKR�FRQGXFWHG�WKH�UHDQDO\VLV�HPSKDVL]HG�WKDW�VLQFH

VWDWLVWLFDOO\�VLJQLILFDQW�DVVRFLDWLRQV�KDYH�EHHQ�GHWHFWHG�DPRQJ�ERWK�PRUWDOLW\�DQG

HQYLURQPHQWDO�YDULDEOHV��RQH�FDQ�QRW�FRQFOXGH�ZLWK�FRQILGHQFH�WKDW�DQ�DVVRFLDWLRQ�ZLWK

PRUWDOLW\�LV�FDXVDO�EDVHG�RQ�UHVXOWV�IURP�WKHLU�REVHUYDWLRQDO�VWXG\���,Q�DQRWKHU�HSLGHPLRORJ\

VWXG\�QR�VXFK�DVVRFLDWLRQ�ZDV�VHHQ�ZKHUH�KRXUO\�2��FRQFHQWUDWLRQV�ZHUH�������SSP���2WKHU

VWXGLHV�RI�WKLV�SRWHQWLDO�HIIHFW�KDYH�EHHQ�FRQIRXQGHG�E\�FRSROOXWDQWV��HVSHFLDOO\�SDUWLFXODWH

PDWWHU��DQG�E\�LQDGHTXDWH�PHWKRGV�WR�FKDUDFWHUL]H�H[SRVXUH�RU�WR�DFFRXQW�IRU�RWKHU

FRQIRXQGLQJ�IDFWRUV���%DVHG�RQ�WKH�DYDLODEOH�SXEOLVKHG�HYLGHQFH��WKH�VWDII�EHOLHYHV�WKDW

SURWHFWLRQ�DJDLQVW�WKLV�SRWHQWLDO�HIIHFW�ZRXOG�OLNHO\�UHVXOW�IURP�DQ\�2��VWDQGDUG�WKDW�LV

SURWHFWLYH�RI�RWKHU�HIIHFWV�GLVFXVVHG�DERYH��VXFK�DV�LQFUHDVHG�KRVSLWDO�DGPLVVLRQV�DQG

VXVFHSWLELOLW\�WR�SXOPRQDU\�LQIHFWLRQ�

��� �� 0DUJLQ�RI�6DIHW\�&RQVLGHUDWLRQV�%DVHG�RQ�4XDQWLWDWLYH�([SRVXUH�DQG�5LVN
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$VVHVVPHQW

7KH�IROORZLQJ�GLVFXVVLRQ�SUHVHQWV�VXPPDU\�UHVXOWV�DQG�REVHUYDWLRQV�RI�H[SRVXUH�DQG

ULVN�GUDZQ�IURP�WKH�TXDQWLWDWLYH�H[SRVXUH�DQG�ULVN�DVVHVVPHQWV�SUHVHQWHG�LQ�VHFWLRQV�9�*��DQG

9�+��DQG�$SSHQGLFHV�%��DQG�&����7KLV�LQIRUPDWLRQ�LV�LQWHQGHG�WR�SURYLGH�DGGLWLRQDO�LQVLJKW

DERXW�WKH�H[WHQW�WR�ZKLFK�DW�ULVN�SRSXODWLRQV�PD\�H[SHULHQFH�WKH�VSHFLILF�KHDOWK�HIIHFWV

DGGUHVVHG�LQ�WKHVH�DQDO\VHV�ZKHQ�YDULRXV�DOWHUQDWLYH�VWDQGDUGV�DUH�MXVW�DWWDLQHG���7KH�VWDII

EHOLHYHV�WKDW�VXFK�LQIRUPDWLRQ��ZKHQ�DYDLODEOH��LV�XVHIXO�WR�LQIRUP�MXGJPHQWV�DERXW�ZKLFK

VWDQGDUGV�ZRXOG�UHGXFH�ULVNV�WR�SXEOLF�KHDOWK�VXIILFLHQWO\�WR�SURWHFW�SXEOLF�KHDOWK�ZLWK�DQ

DGHTXDWH�PDUJLQ�RI�VDIHW\�

7KH�VWDII�EHOLHYHV�WKDW�WKH�H[SRVXUH�DQG�ULVN�DVVHVVPHQW�PHWKRGV�XVHG�LQ�WKHVH�DQDO\VHV

UHSUHVHQW�WKH�VWDWH�RI�WKH�DUW�DW�WKH�SUHVHQW�WLPH��DQG�WKDW�WKHVH�DQDO\VHV�SURYLGH�UHDVRQDEOH

HVWLPDWHV�IRU�WKH�SXUSRVHV�LQWHQGHG���7KH�VWDII�FDXWLRQV��KRZHYHU��WKDW�LQ�OLJKW�RI�WKH�PDQ\

VRXUFHV�RI�XQFHUWDLQW\�LQKHUHQW�LQ�VXFK�DQDO\VHV��WKH�UHVXOWV�VKRXOG�QRW�EH�LQWHUSUHWHG�DV�SUHFLVH

PHDVXUHV�RI�H[SRVXUH�DQG�ULVN���6RPH�LPSRUWDQW�XQFHUWDLQWLHV�LQKHUHQW�LQ�WKH�DQDO\VHV�LQFOXGH

����WKH�DLU�TXDOLW\�DGMXVWPHQW�SURFHGXUHV�XVHG�WR�VLPXODWH�MXVW�DWWDLQLQJ�WKH�DOWHUQDWLYH

VWDQGDUGV������WKH�VSHFLILFDWLRQ�RI�DFWLYLW\�SDWWHUQV�DQG�DVVRFLDWHG�H[HUWLRQ�OHYHOV�IRU�WKH

SRSXODWLRQ�JURXSV�RI�LQWHUHVW�EDVHG�RQ�OLPLWHG�DFWLYLW\�GLDU\�GDWD������WKH�H[WUDSRODWLRQ�RI

H[SRVXUH�UHVSRQVH�IXQFWLRQV�EHORZ�WKH�ORZHVW�REVHUYHG�HIIHFWV�OHYHOV�WR�DQ�HVWLPDWHG

EDFNJURXQG�OHYHO��DQG�����WKH�LQDELOLW\�WR�DFFRXQW�IRU�IDFWRUV�ZKLFK�DUH�NQRZQ�WR�DIIHFW�WKH

H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV��H�J���DVVLJQLQJ�FKLOGUHQ�WKH�VDPH�V\PSWRPDWLF�UHVSRQVH�UDWH

DV�KDV�EHHQ�REVHUYHG�IRU�DGXOWV�DQG�QRW�DGMXVWLQJ�UHVSRQVH�UDWHV�WR�UHIOHFW�WKH�LQFUHDVH�DQG

DWWHQXDWLRQ�RI�UHVSRQVHV�WKDW�KDYH�EHHQ�REVHUYHG�LQ�VWXGLHV�RI�OXQJ�IXQFWLRQ�DQG�V\PSWRPV

XSRQ�UHSHDWHG�H[SRVXUHV����6HFWLRQV�9�*��DQG�9�+���$SSHQGLFHV�%��DQG�&���DQG�WKH�DVVRFLDWHG

VXSSRUW�GRFXPHQWV��-RKQVRQ�HW�DO��������D�E�F��:KLWILHOG�HW�DO���������LQFOXGH�D�PRUH�FRPSOHWH

GLVFXVVLRQ�RI�XQFHUWDLQWLHV�LQKHUHQW�LQ�WKHVH�DQDO\VHV�DQG�����FUHGLEOH�LQWHUYDOV�DUH�SUHVHQWHG

IRU�DOO�ULVN�HVWLPDWHV�

6XPPDU\�5HVXOWV���7KH�IROORZLQJ�LQIRUPDWLRQ�GUDZV�IURP�NH\�DQDO\VHV�GLVFXVVHG�LQ

6HFWLRQV�9�*�DQG�9�+�DQG�GHVFULEHG�LQ�PRUH�GHWDLO�LQ�VHYHUDO�WHFKQLFDO�VXSSRUW�GRFXPHQWV

�-RKQVRQ�HW�DO�������D�E�F�DQG�:KLWILHOG�HW�DO������������

7DEOH�9,���SUHVHQWV�D�VXPPDU\�RI�ULVN�HVWLPDWHV�IRU���KU�RU���KU�KHDOWK�HQGSRLQWV�IRU
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RXWGRRU�FKLOGUHQ�XSRQ�DWWDLQPHQW�RI�DOWHUQDWLYH���KU����H[SHFWHG�H[FHHGDQFH�VWDQGDUGV�DQG�WKH

FXUUHQW������SSP����KU�VWDQGDUG���7KH�ULVN�HVWLPDWHV�LQ�7DEOH�9,���DUH�IRU�HIIHFWV�DVVRFLDWHG

ZLWK�H[SRVXUH�XQGHU�PRGHUDWH�H[HUWLRQ���7KHVH�ULVN�HVWLPDWHV�DUH�SURYLGHG�RQO\�IRU�RXWGRRU

FKLOGUHQ�DQG�RQO\�IRU�OHYHOV�RI�OXQJ�IXQFWLRQ�GHFUHPHQW�DQG�V\PSWRPV�WKDW�WKH
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E����FUHGLEOH�LQWHUYDO
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VWDII�EHOLHYHV�DUH�RI�PRVW�LPSRUWDQFH�LQ�DGGUHVVLQJ�SRWHQWLDOO\�DGYHUVH�HIIHFWV���/XQJ�IXQFWLRQ

GHFUHPHQWV�DVVRFLDWHG�ZLWK����WR���KRXU�H[SRVXUHV�DW�PRGHUDWH�H[HUWLRQ�DQG�V\PSWRPV

DVVRFLDWHG�ZLWK����WR���KRXU�H[SRVXUHV�DW�HLWKHU�PRGHUDWH�RU�KHDY\�H[HUWLRQ�ZHUH�IRXQG�WR�EH

WKH�HIIHFWV�RI�PRVW�FRQFHUQ�DPRQJ�WKH�IXOO�UDQJH�RI�OXQJ�IXQFWLRQ�DQG�UHVSLUDWRU\�V\PSWRP

HIIHFWV�HYDOXDWHG�LQ�WKH�ULVN�DVVHVVPHQW���7KHVH�ULVN�HVWLPDWHV�UHSUHVHQW�DQ�DJJUHJDWH�HVWLPDWH

IRU�WKH�QLQH�XUEDQ�DUHDV�H[DPLQHG��DQ�DJJUHJDWH�HVWLPDWH�LV�SUHVHQWHG�VLQFH�WKHUH�LV�VLJQLILFDQW

YDULDELOLW\�LQ�WKLV�ULVN�PHDVXUH�DFURVV�WKH�DUHDV���7KH�XQFHUWDLQW\�LQ�WKHVH�ULVN�HVWLPDWHV

DVVRFLDWHG�ZLWK�VDPSOH�VL]H�FRQVLGHUDWLRQV�LV�FKDUDFWHUL]HG�E\�WKH����SHUFHQWLOH�FUHGLEOH

LQWHUYDOV� �

6LQFH�H[SRVXUH�HVWLPDWHV�IRU�RXWGRRU�FKLOGUHQ�DUH�KLJKHU�IRU�PRVW�H[SRVXUH�LQGLFDWRUV

DQG�DOWHUQDWLYH�VWDQGDUGV�WKDQ�H[SRVXUH�HVWLPDWHV�IRU�RXWGRRU�ZRUNHUV��WKH�ULVN�HVWLPDWHV

VXPPDUL]HG�KHUH�DUH�OLNHO\�WR�EH�DPRQJ�WKH�KLJKHVW�IRU�WKH�SRSXODWLRQV�EHLQJ�DQDO\]HG��L�H��

JHQHUDO�SRSXODWLRQ��RXWGRRU�ZRUNHUV��DQG�RXWGRRU�FKLOGUHQ����7KH�VWDII�KDV�FKRVHQ�WR�IRFXV�RQ

WKH�SHUFHQWDJH��UDWKHU�WKDQ�WKH�QXPEHU��RI�LQGLYLGXDOV�UHVSRQGLQJ�LQ�RUGHU�WR�UHGXFH�FRQIXVLRQ

ZKLFK�PLJKW�UHVXOW�IURP�WKH�XVH�RI�QXPEHUV�RI�SHRSOH�JLYHQ�WKH�GLIIHUHQFHV�LQ�SRSXODWLRQ�VL]H

DFURVV�WKH�QLQH�XUEDQ�DUHDV�

7DEOH�9,���VXPPDUL]HV�HVWLPDWHV�RI�H[FHVV�KRVSLWDO�DGPLVVLRQV�IRU�DVWKPDWLFV�LQ�WKH

1HZ�<RUN�&LW\�DUHD�DVVRFLDWHG�ZLWK�MXVW�DWWDLQLQJ�D�UDQJH�RI�DOWHUQDWLYH�2��VWDQGDUGV���7KHVH

H[FHVV�DGPLVVLRQV�RQO\�LQFOXGH�WKRVH�DVVRFLDWHG�ZLWK�2��OHYHOV�H[FHHGLQJ�DQ�HVWLPDWHG

EDFNJURXQG�2��OHYHO�RI������SSP�IRU�DQ�KRXUO\�DYHUDJH�

7KH�VWDII�EHOLHYHV�WKH�IROORZLQJ�REVHUYDWLRQV�RQ�H[SRVXUH�DQG�ULVN��EDVHG�LQ�SDUW�RQ�WKH

LQIRUPDWLRQ�VXPPDUL]HG�LQ�)LJXUHV�9,���DQG�9,���DQG�7DEOHV�9,���DQG�9,���DUH�XVHIXO�LQ

IRUPXODWLQJ�UHFRPPHQGDWLRQV�DERXW�OHYHOV�RI�DOWHUQDWLYH�VWDQGDUGV�WKDW�UHGXFH�ULVNV�WR�SXEOLF

KHDOWK�VXIILFLHQWO\�WR�SURWHFW�SXEOLF�KHDOWK�ZLWK�DQ�DGHTXDWH�PDUJLQ�RI�VDIHW\�

([SRVXUH�2EVHUYDWLRQV�

��� &KLOGUHQ�ZKR�DUH�DFWLYH�RXWGRRUV��UHSUHVHQWLQJ�DSSUR[LPDWHO\����RI�WKH

SRSXODWLRQ�LQ�WKH�VWXG\�DUHDV��DSSHDU�WR�EH�WKH�DW�ULVN�SRSXODWLRQ�JURXS

H[DPLQHG�ZLWK�WKH�KLJKHVW�SHUFHQWDJH�DQG�QXPEHU�RI�LQGLYLGXDOV�H[SRVHG�WR�2�

FRQFHQWUDWLRQV�DW�DQG�DERYH�ZKLFK�WKHUH�LV�HYLGHQFH�RI�KHDOWK�HIIHFWV�
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TABLE VI.2  Admissions of New York City Asthmatics — With a Comparison Relative to Meeting the
Current Standard (1 h, 1 expected exceedance, 0.12 ppm)

Air Quality Scenarios

Issue 1H1EX-0.12
ppma

(Scenario A)

8H1EX-0.08
ppm

(Scenario C)

8H5EX-0.08
ppm

(Scenario F)

As-Is

(Scenario Z)

Excess Admissionsb

(background = 0.04 ppm)
207c

(70, 344)d
115

(39, 191)
120

(41, 199)
388

(132, 644)

% Change from Current
Standarde

0 -44 -42 87

Excess Admissionsb

(background = 0 ppm)
909

(308, 1,510)
804

(273, 1,340)
797

(270, 1,320)
1,070

(361, 1,770)

% Change from Current
Standarde

0 -12 -12 17

All Admissionsf

(thousands)
14.8

(13.8-15.8)
14.7

(13.7-15.7)
14.7

(13.7-15.7)
15g

(14-16)g

% Change from Current
Standardh

0 -0.6
(-0.2, 1.1)

-0.6
(-0.2, -1.1)

1.2
(-0.4, 2.2)

a EX stands for expected exceedance.
b Admissions of asthmatics attributable to exposure to ozone.
c Median estimate.
d 90% credible interval (about the median).
e Because of the necessary assumption that results across scenarios are highly correlated (i.e., if admissions

are high for one scenario, they are high for all scenarios), there is very little variation in the percentage
change from the current standard.

f Admissions of asthmatics for any respiratory-related reason; for scenario i, based on estimates of all
admissions and excess admissions attributable to ozone levels >0.04 ppm for As-Is scenario, and estimate of
excess admissions attributable to ozone levels >0.04 ppm for scenario i (e.g., for scenario 1112:  14,800 ≈
15,000 - 388 + 207).

g Admissions of New York City asthmatics for any respiratory-related reason during the 1988-90 ozone
seasons (Thurston, 1995).

h Variation in these results is attributable to the different numbers of admissions of New York City asthmatics
for any respiratory-related reason during the 1988-90 ozone seasons (Thurston, 1995).
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INSERT FIGURES VI-1. AND VI-2 HERE.
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SDUWLFXODUO\�IRU���KU�DYHUDJH�H[SRVXUHV�DW�PRGHUDWH�H[HUWLRQ�WR�2�

FRQFHQWUDWLRQV�!�����SSP�

��� 2Q�ERWK�DQ�DEVROXWH�QXPEHU�DQG�D�SHUFHQWDJH�EDVLV��H[SRVXUH�HVWLPDWHV�DUH

KLJKHU�IRU�WKH���KU�DYHUDJH�HIIHFWV�OHYHO�RI������SSP�DW�PRGHUDWH�H[HUWLRQ�WKDQ

IRU�WKH���KU�DYHUDJH�HIIHFWV�OHYHO�RI������SSP�DW�KHDY\�H[HUWLRQ�

� ��� (VWLPDWHG�H[SRVXUHV�DERYH�WKHVH�HIIHFWV�FXWSRLQWV��HYHQ�RQ�D�SHUFHQWDJH�EDVLV�

YDU\�VLJQLILFDQWO\�DFURVV�WKH�XUEDQ�DUHDV�H[DPLQHG�LQ�WKLV�DQDO\VLV���+RZHYHU�

JHQHUDO�SDWWHUQV�RI�H[SRVXUH�FDQ�EH�VHHQ�LQ�FRPSDULQJ�WKH�FXUUHQW�1$$46�DQG

DOWHUQDWLYH�VWDQGDUGV��SDUWLFXODUO\�LQ�ORRNLQJ�DW�WKH�VHYHQ�FXUUHQW�QRQDWWDLQPHQW

DUHDV�H[DPLQHG���)RU�H[DPSOH��IRU�HVWLPDWHV�RI�WKH�PHDQ�SHUFHQW�RI�RXWGRRU

FKLOGUHQ�H[SRVHG�WR���KU�DYHUDJH�2��FRQFHQWUDWLRQV�!������SSP�ZKLOH�DW

PRGHUDWH�H[HUWLRQ��WKH�IROORZLQJ�SDWWHUQV�DUH�VHHQ���WKH�UDQJH�RI�HVWLPDWHV

DVVRFLDWHG�ZLWK�WKH�FXUUHQW���KU�1$$46�LV�DSSUR[LPDWHO\��������GURSSLQJ�WR

DSSUR[LPDWHO\�����IRU�D������SSP���KU�VWDQGDUG���)RU�DOWHUQDWLYH���KU

VWDQGDUGV��RI�WKH�VDPH���H[SHFWHG�H[FHHGDQFH�IRUP�DV�WKH�FXUUHQW�1$$46���WKH

HVWLPDWHG�UDQJHV�RI�PHDQ�SHUFHQWDJHV�RI�RXWGRRU�FKLOGUHQ�H[SRVHG�DUH

DSSUR[LPDWHO\������IRU�D������SSP�VWDQGDUG���������IRU�D������SSP�VWDQGDUG�

DQG�IURP�HVVHQWLDOO\���LQ�PRVW�DUHDV�WR�������IRU�D������SSP�VWDQGDUG�

��� ,Q�JHQHUDO��WKHUH�DUH�UHODWLYHO\�VPDOO�GLIIHUHQFHV�LQ�FRPSDULQJ�WKH�GLVWULEXWLRQV

RI���KU�H[SRVXUH�HVWLPDWHV�IRU�RXWGRRU�FKLOGUHQ�DVVRFLDWHG�ZLWK����DQG���

H[SHFWHG�H[FHHGDQFH�IRUPV�RI�DQ\�JLYHQ�DOWHUQDWLYH�VWDQGDUG��DOWKRXJK�DW

SDUWLFXODU�FXWSRLQWV�RQ�WKH�GLVWULEXWLRQ��GLIIHUHQFHV�EHWZHHQ�WKHVH�WZR�IRUPV�FDQ

DSSHDU�WR�EH�VLJQLILFDQW�LQ�VRPH�DUHDV�

��� %DVHG�RQ�FRPSDULVRQV�RI�DLU�TXDOLW\�GLVWULEXWLRQV��HVWLPDWHG�H[SRVXUHV�DUH

JHQHUDOO\�FRPSDUDEOH�EHWZHHQ���KU�VWDQGDUGV�ZLWK���H[SHFWHG�H[FHHGDQFH�RU��WK

KLJKHVW�GDLO\�PD[LPXP�FRQFHQWUDWLRQ�IRUPV���,Q�HLWKHU�FDVH��H[SRVXUH�HVWLPDWHV

IRU�WKH�ZRUVW�\HDU�RI�D���\HDU�FRPSOLDQFH�SHULRG�ZRXOG�EH�KLJKHU�WKDQ�IRU�WKH

DYHUDJH�RU�W\SLFDO�\HDU��ZLWK�WKH�PDJQLWXGH�RI�WKH�GLIIHUHQFH�YDU\LQJ�DFURVV

DUHDV���)RU�H[DPSOH��IRU�DQ���KU�������SSP�VWDQGDUG�RI�HLWKHU�IRUP��DERXW����

RI�FXUUHQW�QRQDWWDLQPHQW�DUHDV�ZRXOG�KDYH����RU�IHZHU�H[FHHGDQFHV�RI�WKH�����
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SSP�OHYHO�LQ�WKH�ZRUVW�\HDU��FRPSDUHG�WR�DQ�DYHUDJH�RI�OHVV�WKDQ���H[FHHGDQFHV

LQ�WKH�W\SLFDO�\HDU���([SRVXUHV�HVWLPDWHG�IRU�D�\HDU�LQ�ZKLFK�WKHUH�ZHUH���

H[FHHGDQFHV�ZRXOG�EH�URXJKO\�FRPSDUDEOH�WR�WKH�H[SRVXUHV�HVWLPDWHG�WR�RFFXU

XSRQ�DWWDLQPHQW�LQ�D�W\SLFDO�\HDU�RI�D������SSP����KU�VWDQGDUG��ZLWK����WR���

H[SHFWHG�H[FHHGDQFH�IRUPV��

,Q�WDNLQJ�WKHVH�REVHUYDWLRQV�LQWR�DFFRXQW��WKH�VWDII�UHFRJQL]HV�WKH�XQFHUWDLQWLHV�DQG

OLPLWDWLRQV�DVVRFLDWHG�ZLWK�VXFK�DQDO\VHV��LQFOXGLQJ�WKH�FRQVLGHUDEOH��EXW�XQTXDQWLILDEOH�

GHJUHH�RI�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�D�QXPEHU�RI�LPSRUWDQW�LQSXWV�WR�WKH�H[SRVXUH�PRGHO���$

NH\�XQFHUWDLQW\�LQ�PRGHO�LQSXWV�UHVXOWV�IURP�WKH�DYDLODELOLW\�RI�RQO\�D�OLPLWHG�KXPDQ�DFWLYLW\

GDWDEDVH��ERWK�ZLWK�UHJDUG�WR�WKH�QXPEHU�RI�VXEMHFWV�ZKR�FRQWULEXWHG�GDLO\�DFWLYLW\�GLDU\�GDWD

DQG�WKH�VKRUW�WLPH�SHULRG�RYHU�ZKLFK�HDFK�VXEMHFW�UHFRUGHG�WKHLU�GDLO\�DFWLYLW\�SDWWHUQV���7KHVH

OLPLWDWLRQV�PD\�QRW�DGHTXDWHO\�DFFRXQW�IRU�GD\�WR�GD\�UHSHWLWLRQ�RI�DFWLYLWLHV�FRPPRQ�WR

FKLOGUHQ��VXFK�WKDW�WKH�QXPEHU�RI�SHRSOH�ZKR�H[SHULHQFH�PXOWLSOH�RFFXUUHQFHV�RI�KLJK

H[SRVXUH�OHYHOV�PD\�EH�XQGHUHVWLPDWHG���6PDOO�VDPSOH�VL]H�DOVR�OLPLWV�WKH�H[WHQW�WR�ZKLFK

YHQWLODWLRQ�UDWHV�DVVRFLDWHG�ZLWK�YDULRXV�DFWLYLWLHV�PD\�EH�UHSUHVHQWDWLYH�RI�WKH�SRSXODWLRQ

JURXS�WR�ZKLFK�WKH\�DUH�DSSOLHG�LQ�WKH�PRGHO���,Q�DGGLWLRQ��WKH�DLU�TXDOLW\�DGMXVWPHQW�SURFHGXUH

XVHG�WR�VLPXODWH�DLU�TXDOLW\�GLVWULEXWLRQV�DVVRFLDWHG�ZLWK�DWWDLQLQJ�DOWHUQDWLYH�VWDQGDUGV��ZKLOH

EDVHG�RQ�VWDWLVWLFDO�DQDO\VHV�RI�HPSLULFDO�GDWD��LQFRUSRUDWHV�VLJQLILFDQW�XQFHUWDLQW\��HVSHFLDOO\

ZKHQ�DSSOLHG�WR�DUHDV�UHTXLULQJ�YHU\�ODUJH�UHGXFWLRQV�LQ�DLU�TXDOLW\�WR�DWWDLQ�WKH�DOWHUQDWLYH

VWDQGDUGV�H[DPLQHG�RU�WR�DUHDV�WKDW�DUH�QRZ�LQ�DWWDLQPHQW�ZLWK�WKH�FXUUHQW�1$$46���$�PRUH

FRPSOHWH�GLVFXVVLRQ�RI�WKHVH�XQFHUWDLQWLHV�DQG�OLPLWDWLRQV�LV�SUHVHQWHG�LQ�6HFWLRQ�9�*��RI�WKLV

6WDII�3DSHU�DQG�LQ�WKH�WHFKQLFDO�VXSSRUW�GRFXPHQWV��-RKQVRQ�HW�DO�������D�E�F��

5LVN�2EVHUYDWLRQV�

��� 2Q�ERWK�DQ�DEVROXWH�QXPEHU�DQG�SHUFHQWDJH�EDVLV��ULVN�HVWLPDWHV�DUH�KLJKHU�IRU

HIIHFWV�DVVRFLDWHG�ZLWK���KU�H[SRVXUHV�XQGHU�PRGHUDWH�H[HUWLRQ�WKDQ�IRU�HIIHFWV

DVVRFLDWHG�ZLWK���KU�H[SRVXUHV�XQGHU�KHDY\�H[HUWLRQ�

��� 5HIOHFWLQJ�D�FRQWLQXXP�RI�ULVN��WKHUH�LV�D�GHFUHDVLQJ�WUHQG�LQ�WKH�PHGLDQ

HVWLPDWHV�RI�WKH�SRSXODWLRQ�HVWLPDWHG�WR�H[SHULHQFH�WKH�OXQJ�IXQFWLRQ�DQG

V\PSWRPDWLF�UHVSRQVHV�DV�RQH�PRYHV�DORQJ�WKH�UDQJH�RI�DOWHUQDWLYH���KU

DYHUDJH����H[SHFWHG�H[FHHGDQFH�VWDQGDUGV�XQGHU�FRQVLGHUDWLRQ���)RU�H[DPSOH�



���

EDVHG�RQ�WKH�DJJUHJDWH�ULVN�HVWLPDWHV�VXPPDUL]HG�LQ�7DEOH�9,����WKH�PHGLDQ

SHUFHQW�RI�RXWGRRU�FKLOGUHQ�HVWLPDWHG�WR�H[SHULHQFH�)(9��GHFUHPHQWV�JUHDWHU

WKDQ����SHUFHQW�LV�UHGXFHG�IURP�DERXW�����SHUFHQW�IRU�D������SSP����KU�VWDQGDUG

WR�DERXW�����SHUFHQW�IRU�D������SSP����KU�VWDQGDUG���$WWDLQLQJ�D������SSP����KU

VWDQGDUG�UHVXOWV�LQ�D�IXUWKHU�UHGXFWLRQ�WR�DERXW�����SHUFHQW�RI�RXWGRRU�FKLOGUHQ

HVWLPDWHG�WR�H[SHULHQFH�WKLV�HIIHFW��

��� ,Q�JHQHUDO��WKH�GLIIHUHQFHV�LQ�ULVN�HVWLPDWHV�IRU�RXWGRRU�FKLOGUHQ�DVVRFLDWHG�ZLWK

���DQG���H[SHFWHG�H[FHHGDQFH�VWDQGDUGV�VHW�DW�WKH�VDPH�VWDQGDUG�OHYHO�DUH

UHODWLYHO\�PRGHVW�ZLWKLQ�WKH�FRQWLQXXP�RI�ULVN���)RU�H[DPSOH��WKH�ULVN�HVWLPDWHV

IRU�OXQJ�IXQFWLRQ�GHFUHPHQWV�!����SHUFHQW�DVVRFLDWHG�ZLWK�D���H[SHFWHG

H[FHHGDQFH�VWDQGDUG�VHW�DW������SSP�IDOO�EHWZHHQ�WKH�ULVN�HVWLPDWHV�IRU�WKH�����

DQG������SSP����H[SHFWHG�H[FHHGDQFH����KU�VWDQGDUGV���6LPLODUO\��WKH�ULVN

HVWLPDWHV�IRU�D���H[SHFWHG�H[FHHGDQFH�VWDQGDUG�VHW�DW������SSP�IDOO�EHWZHHQ�WKH

ULVN�HVWLPDWHV�IRU�WKH������DQG������SSP����H[SHFWHG�H[FHHGDQFH����KU

VWDQGDUGV�

��� 0XOWLSOH�RFFXUUHQFHV�RI�OXQJ�IXQFWLRQ�GHFUHPHQWV�!����SHUFHQW�DQG�!���

SHUFHQW�DVVRFLDWHG�ZLWK���KU�H[SRVXUHV�XQGHU�PRGHUDWH�H[HUWLRQ�DUH�HVWLPDWHG�WR

RFFXU�IRU�RXWGRRU�FKLOGUHQ�XSRQ�DWWDLQPHQW�RI�DQ\�RI�WKH�DOWHUQDWLYH����RU���KU

VWDQGDUGV�DQDO\]HG���7KH�DYHUDJH�VHDVRQDO�QXPEHUV�RI�RFFXUUHQFHV�SHU

UHVSRQGHU�DFURVV�WKH�XUEDQ�DUHDV�LQFOXGHG�LQ�WKH�DQDO\VLV�UDQJH�IURP�IRXU�WR

DERXW�QLQH�IRU�OXQJ�IXQFWLRQ�GHFUHPHQWV�!����SHUFHQW�DQG�IURP�WZR�WR�DERXW

ILYH�IRU�OXQJ�IXQFWLRQ�GHFUHPHQWV�!����SHUFHQW���6RPH�LQGLYLGXDOV�ZLOO

H[SHULHQFH�PRUH�IUHTXHQW�RFFXUUHQFHV�RI�HIIHFWV�GXULQJ�WKH�2��VHDVRQ��ZKHUHDV

RWKHUV�ZLOO�H[SHULHQFH�IHZHU�RFFXUUHQFHV�WKDQ�WKH�DYHUDJH�LQ�DQ\�JLYHQ�DUHD�

��� %DVHG�RQ�FRPSDULVRQV�RI�DLU�TXDOLW\�GLVWULEXWLRQV��ULVN�HVWLPDWHV�DUH�JHQHUDOO\

FRPSDUDEOH�EHWZHHQ���KU�VWDQGDUGV�ZLWK���H[SHFWHG�H[FHHGDQFHV�RU��WK�KLJKHVW

GDLO\�PD[LPXP�FRQFHQWUDWLRQ�IRUPV���$V�QRWHG�LQ�WKH�SUHYLRXV�GLVFXVVLRQ�RI�WKH

H[SRVXUH�HVWLPDWHV��IRU�HLWKHU�IRUP�WKH�ZRUVW�\HDU�RI�D���\HDU�FRPSOLDQFH�SHULRG

ZRXOG�EH�KLJKHU�WKDQ�IRU�WKH�DYHUDJH�RU�W\SLFDO�\HDU���)RU�H[DPSOH��DERXW���

SHUFHQW�RI�FXUUHQW�QRQDWWDLQPHQW�DUHDV�PHHWLQJ�HLWKHU�IRUP�RI�DQ���KU�������SSP
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VWDQGDUG�ZRXOG�KDYH����RU�IHZHU�H[FHHGDQFHV�LQ�WKH�ZRUVW�\HDU��FRPSDUHG�WR�DQ

DYHUDJH�RI�OHVV�WKDQ�ILYH�H[FHHGDQFHV�LQ�D�W\SLFDO�\HDU���5LVN�HVWLPDWHV�IRU�D�\HDU

LQ�ZKLFK�WKHUH�ZHUH����H[FHHGDQFHV�RI������SSP����KU�DYHUDJH�YDU\�IURP�XUEDQ

DUHD�WR�XUEDQ�DUHD�EXW�IDOO�EHWZHHQ�WKH�ULVN�HVWLPDWHV�IRU�D���H[SHFWHG

H[FHHGDQFH�VWDQGDUG�RI������SSP�DQG�D���H[SHFWHG�H[FHHGDQFH�VWDQGDUG�VHW�DW

�����SSP�

��� 5LVN�HVWLPDWHV�IRU�H[FHVV�KRVSLWDO�DGPLVVLRQV�IRU�DVWKPDWLFV�DWWULEXWDEOH�WR�2�

H[SRVXUHV�LQ�H[FHVV�RI�DQ�HVWLPDWHG�EDFNJURXQG�OHYHO�RI������SSP�DUH�SURMHFWHG

WR�EH�VLJQLILFDQWO\�UHGXFHG�����SHUFHQW��XQGHU�D������SSP����KU����H[SHFWHG

H[FHHGDQFH�VWDQGDUG�FRPSDUHG�WR�WKH�FXUUHQW���KU�1$$46��VHH�7DEOH�9,����

��� 7KH�H[FHVV�KRVSLWDO�DGPLVVLRQV�ULVN�HVWLPDWHV�DVVRFLDWHG�ZLWK����DQG���H[SHFWHG

H[FHHGDQFH�VWDQGDUGV�VHW�DW������SSP�DUH�YHU\�VLPLODU�

��� :KHQ�YLHZHG�IURP�WKH�SHUVSHFWLYH�RI�UHVSLUDWRU\�UHODWHG�DGPLVVLRQV�IRU

DVWKPDWLFV�GXH�WR�DOO�FDXVHV��WKH�H[FHVV�KRVSLWDO�DGPLVVLRQV�DWWULEXWDEOH�WR�2�

H[SRVXUHV�LQ�H[FHVV�RI�DQ�HVWLPDWHG�EDFNJURXQG�FRQFHQWUDWLRQ�RI������SSP

FRQVWLWXWH�D�UHODWLYHO\�VPDOO�SRUWLRQ�RI�WRWDO�DGPLVVLRQV���)RU�H[DPSOH�

FRPSDULQJ�WKH�ULVN�HVWLPDWHV�DVVRFLDWHG�ZLWK�WKH�FXUUHQW���KU�1$$46�DQG�D

�����SSP����KU����H[SHFWHG�H[FHHGDQFH�VWDQGDUG�UHVXOWV�LQ�RQO\�D�����SHUFHQW

UHGXFWLRQ�LQ�UHVSLUDWRU\�KRVSLWDO�DGPLVVLRQV�IRU�DVWKPDWLFV�GXH�WR�DOO�FDXVHV�

7KH�VWDII�EHOLHYH��DQG�WKH�&$6$&�FRQFXUUHG��WKDW�WKH�PRGHOV�VHOHFWHG�WR�HVWLPDWH

H[SRVXUH�DQG�ULVN�DUH�DSSURSULDWH�DQG�WKDW�WKH�PHWKRGV�XVHG�WR�FRQGXFW�WKH�KHDOWK�ULVN

DVVHVVPHQW�UHSUHVHQW�WKH�VWDWH�RI�WKH�DUW���1HYHUWKHOHVV��WKHUH�DUH�PDQ\�VRXUFHV�RI�XQFHUWDLQWLHV

LQKHUHQW�LQ�VXFK�DQDO\VHV���6RPH�RI�WKH�PRVW�LPSRUWDQW�FDYHDWV�DQG�OLPLWDWLRQV�FRQFHUQLQJ�WKH

KHDOWK�ULVN�DVVHVVPHQW�IRU�OXQJ�IXQFWLRQ�DQG�UHVSLUDWRU\�V\PSWRP�HQGSRLQWV�LQFOXGH�������WKH

XQFHUWDLQWLHV�DQG�OLPLWDWLRQV�DVVRFLDWHG�ZLWK�WKH�H[SRVXUH�DQDO\VHV�GLVFXVVHG�DERYH������WKH

H[WUDSRODWLRQ�RI�H[SRVXUH�UHVSRQVH�IXQFWLRQV�EHORZ�WKH�ORZHVW�REVHUYHG�HIIHFWV�OHYHOV�WR�DQ

HVWLPDWHG�EDFNJURXQG�OHYHO�RI������SSP��DQG�����WKH�LQDELOLW\�WR�DFFRXQW�IRU�VRPH�IDFWRUV

ZKLFK�DUH�NQRZQ�WR�DIIHFW�WKH�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV��H�J���DVVLJQLQJ�FKLOGUHQ�WKH

VDPH�V\PSWRPDWLF�UHVSRQVH�UDWHV�DV�REVHUYHG�IRU�DGXOWV�DQG�QRW�DGMXVWLQJ�UHVSRQVH�UDWHV�WR

UHIOHFW�WKH�LQFUHDVH�DQG�DWWHQXDWLRQ�RI�UHVSRQVHV�WKDW�KDYH�EHHQ�REVHUYHG�LQ�VWXGLHV�RI�OXQJ



���

IXQFWLRQ�DQG�V\PSWRPV�XSRQ�UHSHDWHG�H[SRVXUHV��

6LPLODUO\��WKHUH�DUH�XQFHUWDLQWLHV�DQG�OLPLWDWLRQV�DVVRFLDWHG�ZLWK�WKH�KRVSLWDO�DGPLVVLRQ

ULVN�DVVHVVPHQW���7KHVH�LQFOXGH������WKH�LQDELOLW\�DW�WKLV�WLPH�WR�TXDQWLWDWLYHO\�H[WUDSRODWH�WKH

ULVN�HVWLPDWHV�IRU�WKH�1HZ�<RUN�&LW\�DUHD�WR�RWKHU�XUEDQ�DUHDV������XQFHUWDLQW\�DVVRFLDWHG�ZLWK

WKH�XQGHUO\LQJ�HSLGHPLRORJLFDO�VWXG\�WKDW�VHUYHG�DV�WKH�EDVLV�IRU�GHYHORSLQJ�WKH�FRQFHQWUDWLRQ�

UHVSRQVH�UHODWLRQVKLS�XVHG�LQ�WKH�DQDO\VLV��DQG�����XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKH�DLU�TXDOLW\

DGMXVWPHQW�SURFHGXUH�XVHG�WR�VLPXODWH�DWWDLQPHQW�RI�DOWHUQDWLYH�VWDQGDUGV�IRU�WKH�1HZ�<RUN

&LW\�DUHD���$�PRUH�FRPSOHWH�GLVFXVVLRQ�RI�WKHVH�XQFHUWDLQWLHV�DQG�OLPLWDWLRQV�LV�SUHVHQWHG�LQ�WKH

WHFKQLFDO�VXSSRUW�GRFXPHQW��:KLWILHOG�HW�DO���������

(� 6XPPDU\�RI�6WDII�5HFRPPHQGDWLRQV

'UDZLQJ�RQ�WKH�VWDII�FRQFOXVLRQV�DQG�REVHUYDWLRQV�RQ�PDUJLQ�RI�VDIHW\�FRQVLGHUDWLRQV

SUHVHQWHG�DERYH��WRJHWKHU�ZLWK�FRQVLGHUDWLRQ�RI�WKH�LQIRUPDWLRQ�LQ�WKH�&'�DQG�VHFWLRQ�9�RI�WKLV

6WDII�3DSHU��WKH�VWDII�RIIHUV�WKH�IROORZLQJ�UHFRPPHQGDWLRQV�RQ�WKH�SULPDU\�2��VWDQGDUG�

�� 3ROOXWDQW�LQGLFDWRU

6WDII�UHFRPPHQGV�WKDW�2��UHPDLQ�DV�WKH�LQGLFDWRU�IRU�FRQWUROOLQJ�DPELHQW�FRQFHQWUDWLRQV

RI�SKRWRFKHPLFDO�R[LGDQWV���7KLV�UHFRPPHQGDWLRQ�LV�EDVHG�RQ�WKH�ODUJH�EDVH�RI�KHDOWK�HIIHFWV

LQIRUPDWLRQ�DWWULEXWLQJ�HIIHFWV�WR�2��H[SRVXUH�DQG�WKH�ODFN�RI�FRQYLQFLQJ�HYLGHQFH

GHPRQVWUDWLQJ�HIIHFWV�IURP�H[SRVXUH�WR�DPELHQW�OHYHOV�RI�SKRWRFKHPLFDO�R[LGDQWV�RWKHU�WKDQ

2��

�� $YHUDJLQJ�WLPHV

6WDII�UHFRPPHQGV�WKDW�IXUWKHU�FRQVLGHUDWLRQ�EH�JLYHQ�DW�WKLV�WLPH�RQO\�WR�VKRUW�WHUP

DYHUDJLQJ�WLPHV�DVVRFLDWHG�ZLWK�DFXWH�HIIHFWV���1R�IXUWKHU�FRQVLGHUDWLRQ�RI�D�ORQJ�WHUP�VWDQGDUG

LV�UHFRPPHQGHG�E\�VWDII�LQ�WKLV�2��1$$46�UHYLHZ�F\FOH���7KH�VWDII�RIIHUV�WKH�IROORZLQJ

DGGLWLRQDO�VSHFLILF�UHFRPPHQGDWLRQV�

6WDII�UHFRPPHQGV�WKDW�SULQFLSOH��FRQVLGHUDWLRQ�EH�JLYHQ�WR�DQ���KU�DYHUDJLQJ
WLPH�EH�FRQVLGHUHG�IRU�D�QHZ�2��SULPDU\�VWDQGDUG�
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7KLV�UHFRPPHQGDWLRQ�LV�EDVHG�RQ����WKH�KHDOWK�HIIHFWV�VWXGLHV�UHSRUWLQJ�D�QXPEHU�RI

KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK����WR���KU�H[SRVXUHV�DW�DQG�EHORZ�WKH�OHYHO�RI�WKH�FXUUHQW���KU

VWDQGDUG�����WKH�VWDII
V�MXGJPHQWV�WKDW�WKH����WR���KU�HIIHFWV�DW�PRGHUDWH�H[HUWLRQ�DUH�RI�JUHDWHU

SXEOLF�KHDOWK�FRQFHUQ�DW�ORZHU�2��OHYHOV�WKDQ�VLPLODU���KU�HIIHFWV�DW�KHDY\�H[HUWLRQ�����WKH

VWDII
V�MXGJPHQWV�WKDW�WKHVH�HIIHFWV�DUH�ZLWKLQ�WKH�UDQJH�WKDW�WKH�$GPLQLVWUDWRU�PLJKW�FRQVLGHU

WR�EH�DGYHUVH��DQG����WKH�H[SRVXUH�DVVHVVPHQWV�DQG�WKH�TXDQWLWDWLYH�ULVN�DVVHVVPHQWV�IRU�VRPH

RI�WKH�HIIHFWV�VKRZLQJ�WKDW�UHGXFWLRQV�LQ�WKH�ULVNV�DVVRFLDWHG�ZLWK�WKHVH����WR���KU�HIIHFWV�FDQ�EH

DFKLHYHG�E\�DWWDLQLQJ�DOWHUQDWLYH���KU�VWDQGDUGV�

$OWKRXJK�VWDII�UHFRPPHQGV�WKDW�SULQFLSOH�FRQVLGHUDWLRQ�EH�JLYHQ�WR�D�VWDQGDUG�ZLWK�DQ

��KU�DYHUDJLQJ�WLPH��VWDII�UHFRJQL]HV�WKDW�D�VWDQGDUG�ZLWK�D���KU�DYHUDJLQJ�WLPH�FRXOG�EH�VHW�DW

D�OHYHO�WKDW�ZRXOG�SURYLGH�URXJKO\�HTXLYDOHQW�KHDOWK�SURWHFWLRQ�WR�WKDW�SURYLGHG�E\�DQ���KU

VWDQGDUG�

�� )RUP�RI�WKH�6WDQGDUG

%DVHG�RQ�WKH�GLVFXVVLRQ�LQ�VHFWLRQ�9�,�DQG�WKH�FRQFOXVLRQV�SUHVHQWHG�DERYH��VWDII�RIIHUV

WKH�IROORZLQJ�UHFRPPHQGDWLRQV�ZLWK�UHJDUG�WR�IRUP�RI�WKH�VWDQGDUG�DQG�DWWDLQPHQW�WHVW�LVVXHV�

6WDII�UHFRPPHQGV�FRQVLGHUDWLRQ�EH�JLYHQ�WR�WKH�FXUUHQW�H[SHFWHG�H[FHHGDQFH
IRUP��UDQJLQJ�IURP����WR���H[SHFWHG�H[FHHGDQFHV��DYHUDJHG�RYHU���\HDUV��DV
ZHOO�DV�WR�D�FRQFHQWUDWLRQ�EDVHG�IRUP��UDQJLQJ�IURP�WKH�VHFRQG�WR�WKH�ILIWK
KLJKHVW���KU�GDLO\�PD[LPXP�FRQFHQWUDWLRQ��DYHUDJHG�RYHU���\HDUV�

6WDII�DOVR�UHFRPPHQGV�FRQVLGHUDWLRQ�RI�GHILQLQJ�WKH�VWDQGDUG�LQ�WHUPV�RI�D�UDQJH
RI�DLU�TXDOLW\�YDOXHV�

5LVN�DQDO\VHV�GLVFXVVHG�DERYH�DQG�LQ�6HFWLRQ�9�+�LQGLFDWH�WKDW�IRU�PRVW�RI�WKH�KHDOWK

HQGSRLQWV�DQDO\]HG�WKHUH�LV�OLWWOH�GLIIHUHQFH�LQ�KHDOWK�ULVN��DW�D�JLYHQ�OHYHO�RI�WKH�VWDQGDUG�

ZLWKLQ�WKH�UDQJHV�RI����WR���H[SHFWHG�H[FHHGDQFHV�DQG�WKH�VHFRQG�WR�WKH�ILIWK�KLJKHVW���KU�GDLO\

PD[LPXP�FRQFHQWUDWLRQ�IRUPV�RI�WKH�2��SULPDU\�VWDQGDUG���2Q�DYHUDJH��WKH���H[SHFWHG

H[FHHGDQFH�IRUP�SURYLGHV�WKH�JUHDWHVW�H[SRVXUH�DQG�KHDOWK�ULVN�SURWHFWLRQ�EXW�RQO\�VOLJKWO\

JUHDWHU�WKDQ�WKDW�SURYLGHG�E\�WKH�VHFRQG�WR�WKH�ILIWK�KLJKHVW���KU�GDLO\�PD[LPXP�FRQFHQWUDWLRQ

IRUP���7KHUH�LV�DOVR�QRW�PXFK�GLIIHUHQFH�EHWZHHQ�WKH�ILIWK���KU�GDLO\�PD[LPXP�FRQFHQWUDWLRQ

IRUP�DQG�D���H[SHFWHG�H[FHHGDQFH�IRUP��ZKLFK�RQ�DYHUDJH�DUH�URXJKO\�HTXLYDOHQW�IRU�DQ\

JLYHQ�OHYHO�RI�WKH�SULPDU\�VWDQGDUG�VHOHFWHG���%DVHG�RQ�WKHVH�DQDO\VHV��WKHUHIRUH��LW�LV�WKH�OHYHO

RI�WKH�VWDQGDUG�ZKLFK�PDLQO\�GHWHUPLQHV�WKH�GHJUHH�RI�SXEOLF�KHDOWK�SURWHFWLRQ�DIIRUGHG�E\�DQ
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��KU�SULPDU\�1$$46�IRU�2��ZLWKLQ�WKRVH�DOWHUQDWLYHV�FRQVLGHUHG�DERYH��

�� /HYHO�RI�WKH�6WDQGDUG

,Q�PDNLQJ�UHFRPPHQGDWLRQV��VWDII�QRWHV�WKDW�WKH�GHFLVLRQ�XOWLPDWHO\�PDGH�E\�WKH

$GPLQLVWUDWRU�UHJDUGLQJ�OHYHO�RI�WKH�SULPDU\�2��1$$46�ZLOO�EH�EDVHG�RQ�D�SROLF\�MXGJPHQW�DV

WR�WKH�GHJUHH�RI�ULVN�UHGXFWLRQ�WKDW�LV�QHFHVVDU\�WR�SURWHFW�SXEOLF�KHDOWK�ZLWK�DQ�DGHTXDWH

PDUJLQ�RI�VDIHW\���7KH�IROORZLQJ�UHFRPPHQGDWLRQV�RQ�OHYHO�DGGUHVV�WKH�VWDII�UHFRPPHQGDWLRQ

WKDW�FRQVLGHUDWLRQ�EH�JLYHQ�WR�D�VWDQGDUG�ZLWK�DQ���KU�DYHUDJLQJ�WLPH�DQG�D�IRUP�RI����WR���

H[SHFWHG�H[FHHGDQFHV�RU�D�VHFRQG�WR�WKH�ILIWK�KLJKHVW���KU�GDLO\�PD[LPXP�FRQFHQWUDWLRQ�IRUP�

7KH�IROORZLQJ�VWDII�UHFRPPHQGDWLRQV�VXJJHVW�D�UDQJH�RI�OHYHOV�EDVHG�RQ�FRQVLGHULQJ��

���SURWHFWLRQ�DJDLQVW�KHDOWK�HIIHFWV�GLUHFWO\�DVVRFLDWHG�ZLWK�ERWK����WR���KU�DQG����WR���KU

H[SRVXUHV��H�J���OXQJ�IXQFWLRQ�GHFUHPHQWV��UHVSLUDWRU\�V\PSWRPV��QRQVSHFLILF�EURQFKLDO

UHVSRQVLYHQHVV��DFXWH�SXOPRQDU\�LQIODPPDWLRQ��DQG�LQFUHDVHG�VXVFHSWLELOLW\�WR�LQIHFWLRQ���DV

ZHOO�DV�DJDLQVW�WKH�HIIHFW�RI�LQFUHDVHG�KRVSLWDO�DGPLVVLRQV�����TXDQWLWDWLYH�ULVN�DVVHVVPHQWV

ZKLFK�SURYLGH�LQVLJKW�DV�WR�WKH�GHJUHH�RI�SURWHFWLRQ�DIIRUGHG�E\�DOWHUQDWLYH���KU�VWDQGDUGV�IRU

VRPH�RI�WKHVH�HIIHFWV��DQG����SURWHFWLRQ�DJDLQVW�WKH�HIIHFWV�RI�UHSHDWHG�LQIODPPDWRU\�UHVSRQVHV

WKDW�FRXOG�OHDG�RYHU�WLPH�WR�FKURQLF�UHVSLUDWRU\�LOOQHVV�

6WDII�UHFRPPHQGV�WKDW�WKH�XSSHU�HQG�RI�WKH�UDQJH�RI�FRQVLGHUDWLRQ�IRU�DQ���

KRXU�SULPDU\�2��1$$46�EH������SSP�

$V�GLVFXVVHG�LQ�WKH�JHQHUDO�FRQFOXVLRQV�DQG�PDUJLQ�RI�VDIHW\�FRQVLGHUDWLRQV�SUHVHQWHG

DERYH��WKH�SULPDU\�UDQJH�RI�ORZHVW�HIIHFWV�OHYHOV�UHOHYDQW�WR�DOO�WKH�HIIHFWV�RI�FRQFHUQ�LGHQWLILHG

DERYH�LV������WR������SP���$V�SUHYLRXVO\�GLVFXVVHG��WKH�VWDII�EHOLHYHV�WKDW�WKLV�UDQJH�RI�HIIHFWV

OHYHOV�GRHV�QRW�QHFHVVDULO\�UHIOHFW�D�WKUHVKROG�EHORZ�ZKLFK�HIIHFWV�GR�QRW�RFFXU��EXW�UDWKHU�PD\

UHIOHFW�OHYHOV�DW�ZKLFK�VWXGLHV�ILQGLQJ�VWDWLVWLFDOO\�VLJQLILFDQW�HIIHFWV�RI�FRQFHUQ�KDYH�EHHQ

FRQGXFWHG���7KXV��WKH�VWDII�EHOLHYHV�WKDW�LQ�DVVHVVLQJ�WKH�DGHTXDF\�RI�KHDOWK�SURWHFWLRQ�DIIRUGHG

E\�DOWHUQDWLYH�VWDQGDUGV�OHYHOV�LW�LV�DOVR�LPSRUWDQW�WR�FRQVLGHU�������WKH�VHYHULW\�DQG�YDULDELOLW\

RI�WKHVH�HIIHFWV������WKH�H[WHQW�WR�ZKLFK�VHQVLWLYH�RU�DW�ULVN�SRSXODWLRQV�DUH�OLNHO\�WR�H[SHULHQFH

H[SRVXUHV�DVVRFLDWHG�ZLWK�WKHVH�HIIHFWV��DQG�����TXDQWLWDWLYH�HVWLPDWHV��ZKHQ�DYDLODEOH��RI�WKH

ULVN�WR�VHQVLWLYH�DQG�DW�ULVN�SRSXODWLRQV�LQ�WHUPV�RI�WKH�HVWLPDWHG�QXPEHUV�RU�SHUFHQWDJHV�RI�WKH

SRSXODWLRQV�JURXSV�WKDW�DUH�OLNHO\�WR�H[SHULHQFH�DGYHUVH�OHYHOV�RI�WKHVH�HIIHFWV�

%DVHG�RQ�FRQVLGHUDWLRQ�RI�WKH�DERYH�IDFWRUV��WKH�VWDII�UHFRPPHQGV�WKDW������SP�LV�WKH
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KLJKHVW�OHYHO�RI�DQ���KRXU�VWDQGDUG�WKDW�ZRXOG�UHGXFH�HVWLPDWHG�H[SRVXUHV�RI�WKH�DW�ULVN

SRSXODWLRQV�VXIILFLHQWO\�WR�SURYLGH�VRPH�PDUJLQ�RI�VDIHW\�DJDLQVW�SXOPRQDU\�LQIODPPDWLRQ�DQG

LQFUHDVHG�VXVFHSWLELOLW\�WR�SXOPRQDU\�LQIHFWLRQ���)XUWKHU��WKH�VWDII�UHFRPPHQGV�WKDW������SP�LV

WKH�KLJKHVW���KU�OHYHO�WKDW�ZRXOG�UHGXFH�WKH�HVWLPDWHG�ULVN�WR�WKH�DW�ULVN�SRSXODWLRQV�RI

H[SHULHQFLQJ�LQFUHDVHG�KRVSLWDO�DGPLVVLRQV�DQG�HPHUJHQF\�URRP�YLVLWV��DV�ZHOO�DV�H[SHULHQFLQJ

DGYHUVH�OHYHOV�RI�OXQJ�IXQFWLRQ�GHFUHPHQWV��UHVSLUDWRU\�V\PSWRPV��DQG�QRQVSHFLILF�EURQFKLDO

UHVSRQVLYHQHVV�VXIILFLHQWO\�WR�SURYLGH�VRPH�PDUJLQ�RI�VDIHW\�DJDLQVW�WKHVH�HIIHFWV�

7KHVH�VWDII�UHFRPPHQGDWLRQV�DOVR�UHIOHFW�FRQVLGHUDWLRQ�RI�SUHYLRXV�DGYLFH�IURP�WKH

&$6$&�GXULQJ�WKH�ODVW�UHYLHZ�RI�WKH�2��1$$46���,Q�LWV�SUHYLRXV�UHYLHZ��WKH�&$6$&

�0F&OHOODQ���������FRQFOXGHG�WKDW�WKH�H[LVWLQJ���KU�SULPDU\�VWDQGDUG�SURYLGHG��OLWWOH��LI�DQ\�

PDUJLQ�RI�VDIHW\���DQG�WKDW�WKH�XSSHU�HQG�RI�WKH�UDQJH�RI�FRQVLGHUDWLRQ�IRU�WKH���KU�SULPDU\

VWDQGDUG�VKRXOG�EH������SSP���6HYHUDO�PHPEHUV�RI�WKH�&$6$&�2]RQH�1$$46�5HYLHZ�3DQHO

IHOW�WKDW�FRQVLGHUDWLRQ�VKRXOG�EH�JLYHQ�WR�D���KU�VWDQGDUG�OHYHO�RI������SSP�LQ�RUGHU�WR�SURYLGH

IRU�DQ�DGHTXDWH�PDUJLQ�RI�VDIHW\�DQG�WR�RIIHU�VRPH�KHDOWK�SURWHFWLRQ�DJDLQVW���KU�H[SRVXUHV�RI

FRQFHUQ���7KLV�DGYLFH�SURYLGHV�VXSSRUW�IRU�FRQVLGHULQJ������SSP�UDWKHU�WKDQ������SSP�DV�WKH

XSSHU�HQG�RI�WKH�UDQJH�IRU�DQ���KU�VWDQGDUG��LQ�WKDW�H[SRVXUHV�DVVRFLDWHG�ZLWK�WKH���KU�HIIHFWV

DQG�ULVNV�IRU�UHVSLUDWRU\�V\PSWRPV�DUH�JUHDWHU�ZKHQ�D������SSP���KU�VWDQGDUG�LV�MXVW�DWWDLQHG

WKDQ�ZKHQ�D������SSP���KU�VWDQGDUG�LV�MXVW�DWWDLQHG�

6WDII�UHFRPPHQGV�WKDW�WKH�ORZHU�HQG�RI�WKH�UDQJH�RI�FRQVLGHUDWLRQ�IRU�WKH
SULPDU\���KU�2��1$$46�EH������SSP�

,Q�FRQGXFWLQJ�H[SRVXUH�DQG�ULVN�DQDO\VHV�RI�WKH������SSP�OHYHO��VWDII�FRQFOXGHG�WKDW�WKH

ULVN�RI�KHDOWK�HIIHFWV�RI�FRQFHUQ�RFFXUULQJ�ZDV�H[WUHPHO\�ORZ��DSSURDFKLQJ�]HUR�LQ�PRVW�FDVHV�

�&RQVLGHULQJ�ERWK�WKH�QDWXUH�RI�WKH�KHDOWK�HIIHFWV�LQYROYHG�DQG�WKH�YHU\�VPDOO�SHUFHQWDJH�RI�WKH

SRSXODWLRQ�WKDW�ZRXOG�EH�DIIHFWHG��VWDII�EHOLHYHV�WKDW�D�SULPDU\���KU�VWDQGDUG�ZLWK�D�OHYHO�RI

�����SSP�FRXOG�EH�MXGJHG�WR�SURYLGH�SXEOLF�KHDOWK�SURWHFWLRQ�ZLWK�DQ�DGHTXDWH�PDUJLQ�RI

VDIHW\�IRU�WKHVH�HIIHFWV�RI�FRQFHUQ���$�VWDQGDUG�VHW�DW�WKLV�OHYHO�ZRXOG�EH�PRUH�SUHFDXWLRQDU\

WKDQ�D�VWDQGDUG�VHW�DW�WKH�XSSHU�HQG�RI�WKH�UDQJH��LQ�WKDW�LW�ZRXOG�SURYLGH�LQFUHDVHG�SURWHFWLRQ

IURP�ORQJ�WHUP�H[SRVXUHV�WKDW�PD\�EH�DVVRFLDWHG�ZLWK�SRWHQWLDOO\�PRUH�VHULRXV�EXW�PRUH

XQFHUWDLQ�FKURQLF�HIIHFWV�



���

9,,� 6&,(17,),&�$1'�7(&+1,&$/�%$6,6�)25�6(&21'$5<�1$$46

$� ,QWURGXFWLRQ

7KLV�VHFWLRQ�SUHVHQWV�FULWLFDO�LQIRUPDWLRQ�IRU�WKH�UHYLHZ�RI�WKH�VHFRQGDU\�1$$46�IRU

2����:HOIDUH�HIIHFWV�DGGUHVVHG�E\�D�VHFRQGDU\�1$$46�LQFOXGH��EXW�DUH�QRW�OLPLWHG�WR��HIIHFWV

RQ�VRLOV��ZDWHU��FURSV��YHJHWDWLRQ��PDQ�PDGH�PDWHULDOV��DQLPDOV��ZLOGOLIH��ZHDWKHU��YLVLELOLW\

DQG�FOLPDWH��GDPDJH�WR�DQG�GHWHULRUDWLRQ�RI�SURSHUW\��DQG�KD]DUGV�WR�WUDQVSRUWDWLRQ��DV�ZHOO�DV

HIIHFWV�RQ�HFRQRPLF�YDOXHV�DQG�RQ�SHUVRQDO�FRPIRUW�DQG�ZHOO�EHLQJ���2I�WKHVH�ZHOIDUH�HIIHFWV

FDWHJRULHV��WKH�HIIHFWV�RI�2��RQ�FURSV��YHJHWDWLRQ�DQG�HFRV\VWHPV�DUH�RI�PRVW�FRQFHUQ�DW

FRQFHQWUDWLRQV�W\SLFDOO\�RFFXUULQJ�LQ�WKH�8�6���$V�VWDWHG�LQ�WKH�SUHYLRXV�&'�DQG�63���RI�WKH

SK\WRWR[LF�FRPSRXQGV�FRPPRQO\�IRXQG�LQ�WKH�DPELHQW�DLU��2��LV�WKH�PRVW�SUHYDOHQW��LPSDLULQJ

FURS�SURGXFWLRQ�DQG�LQMXULQJ�QDWLYH�YHJHWDWLRQ�DQG�HFRV\VWHPV�PRUH�WKDQ�DQ\�RWKHU�DLU

SROOXWDQW���8�6��(3$����������%\�DIIHFWLQJ�FURSV�DQG�QDWLYH�YHJHWDWLRQ��2��DOVR�GLUHFWO\�DQG

LQGLUHFWO\�DIIHFWV�QDWXUDO�HFRV\VWHP�FRPSRQHQWV�VXFK�DV�VRLOV��ZDWHU��DQLPDOV��DQG�ZLOGOLIH�DQG

XOWLPDWHO\�WKH�HFRV\VWHP�LWVHOI���6RPH�RI�WKHVH�LPSDFWV�KDYH�GLUHFW��TXDQWLILDEOH�HFRQRPLF

YDOXH��ZKLOH�RWKHUV�DUH�FXUUHQWO\�QRW�TXDQWLILDEOH���7KXV��WKH�VWDII�LQIHUV�WKDW�LQFUHDVLQJ

SURWHFWLRQ�IRU�FURSV�DQG�YHJHWDWLRQ�ZRXOG�DOVR�LPSURYH�WKH�SURWHFWLRQ�DIIRUGHG�WR�WKHVH�RWKHU

UHODWHG�SXEOLF�ZHOIDUH�FDWHJRULHV�

2]RQH�GDPDJHV�FHUWDLQ�PDQPDGH�PDWHULDOV��H�J���HODVWRPHUV��WH[WLOH�ILEHUV��G\HV�

SDLQWV��DQG�SLJPHQWV����7KH�DPRXQW�RI�GDPDJH�WR�DFWXDO�LQ�XVH�PDWHULDOV�DQG�WKH�HFRQRPLF

FRQVHTXHQFHV�RI�WKDW�GDPDJH�DUH�SRRUO\�FKDUDFWHUL]HG��KRZHYHU��DQG�WKH�VFLHQWLILF�OLWHUDWXUH

FRQWDLQV�YHU\�OLWWOH�QHZ�LQIRUPDWLRQ�WR�DGHTXDWHO\�TXDQWLI\�HVWLPDWHV�RI�PDWHULDOV�GDPDJH�IURP

SKRWRFKHPLFDO�R[LGDQW�H[SRVXUH��&'����������(IIHFWV�RQ�SHUVRQDO�FRPIRUW�DQG�ZHOO�EHLQJ�KDYH

DOUHDG\�EHHQ�DGGUHVVHG�XQGHU�WKH�VHFWLRQ�RI�WKH�6WDII�3DSHU�RQ�KXPDQ�KHDOWK���7KHUHIRUH��WKHVH

HIIHFWV�FDWHJRULHV�ZLOO�QRW�EH�UHYLHZHG�LQ�WKLV�SRUWLRQ�RI�WKH�6WDII�3DSHU��DQG�WKH�UHDGHU�LV

UHIHUUHG�WR�WKH�ODVW�6WDII�3DSHU��8�6��(3$��������IRU�D�GLVFXVVLRQ�RI�WKHVH�HIIHFWV�FDWHJRULHV�

7KH�UHPDLQGHU�RI�WKLV�FKDSWHU�IRFXVHV�RQ�2��HIIHFWV�RQ�FURSV��QDWLYH�YHJHWDWLRQ�DQG

HFRV\VWHPV��GUDZLQJ�XSRQ�WKH�PRVW�UHOHYDQW�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�&'���7KLV

LQIRUPDWLRQ�LQFOXGHV�������SODQW�UHVSRQVH�DQG�PRGH�RI�DFWLRQ�RI�2��RQ�YHJHWDWLRQ�����

HQYLURQPHQWDO�IDFWRUV�DIIHFWLQJ�SODQW�UHVSRQVH������UHOHYDQW�UHVHDUFK�RQ�2��HIIHFWV�RQ�FURSV�DQG

QDWLYH�YHJHWDWLRQ������FRQVLGHUDWLRQV�DQG�FULWHULD�IRU�VHOHFWLQJ�DQ�DSSURSULDWH�PHDVXUH�RI�2�



���

H[SRVXUH�WKDW�FDQ�PHDQLQJIXOO\�UHODWH�2��DLU�TXDOLW\�WR�SODQW�UHVSRQVH�XQGHU�YDU\LQJ�2�

UHJLPHV��DQG�����RWKHU�SROLF\�UHOHYDQW�FRQVLGHUDWLRQV�WKDW�ZRXOG�DVVLVW�WKH�$GPLQLVWUDWRU�LQ

MXGJLQJ�WKH�QHHG�IRU�D�QHZ�VHFRQGDU\�VWDQGDUG��LQFOXGLQJ�DQDO\VHV�RI�DLU�TXDOLW\�SDWWHUQV��WKH

UHODWLRQVKLSV�EHWZHHQ�SULPDU\�DQG�VHFRQGDU\�VWDQGDUG�RSWLRQV��QDWLRQDO�H[SRVXUHV��ULVNV��DQG

HFRQRPLF�YDOXHV�

%� 3ODQW�5HVSRQVH�0RGH�RI�$FWLRQ

7KH�ILUVW�REVHUYDWLRQ�RI�2��LQMXU\�WR�YHJHWDWLRQ�LQ�WKH�ILHOG��2��VWLSSOH�RQ�JUDSH�OHDYHV�

ZDV�UHSRUWHG�LQ�WKH�����
V��5LFKDUGV�HW�DO�����������6LQFH�WKDW�WLPH��D�VXEVWDQWLDO�DPRXQW�RI

UHVHDUFK�KDV�EHHQ�GRQH�RQ�WKH�HIIHFWV�RI�2��RQ�SODQWV�WKDW�KDV�LQFUHDVHG�VFLHQWLILF�XQGHUVWDQGLQJ

RI�WKH�PHFKDQLVPV�RI�DFWLRQ��IDFWRUV�WKDW�PRGLI\�SODQW�UHVSRQVH�WR�2���DQG�UHODWLYH�VHQVLWLYLWLHV

RI�YDULRXV�VSHFLHV�DQG�FXOWLYDUV�WR�2��FRQFHQWUDWLRQV�IRXQG�FXUUHQWO\�LQ�WKH�8�6�

�� 2]RQH�8SWDNH

7KH�SULPDU\�VLWH�RI�2��XSWDNH�LQWR�WKH�SODQW�LV�WKH�OHDI���7KH�OHDI�LV�WKH�VLWH�RI�JDV

H[FKDQJH�IRU�WKH�SODQW���7R�FDXVH�LQMXU\��2��PXVW�GLIIXVH�LQ�WKH�JDV�SKDVH�IURP�WKH�DWPRVSKHUH

VXUURXQGLQJ�WKH�OHDYHV�WKURXJK�WKH�VWRPDWD�LQWR�WKH�DLU�VSDFHV��GLVVROYH�LQ�WKH�ZDWHU�FRDWLQJ�WKH

FHOO�ZDOOV�DQG��WKHQ��LWV�UHDFWLRQ�SURGXFWV��GLIIXVH�WKURXJK�RU�UHDFW�ZLWK�WKH�PHPEUDQH�RI�WKH

FHOO���2QFH�LQVLGH�WKH�FHOO��WKH\�FDQ�UHDFW�ZLWK�FHOOXODU�FRPSRQHQWV�DQG�DIIHFW�PHWDEROLF

SURFHVVHV��&'����������

7KH�PRYHPHQW�RI�2���DV�ZHOO�DV�RWKHU�JDVHV��LQWR�DQG�RXW�RI�OHDYHV�LV�FRQWUROOHG

SULPDULO\�WKURXJK�WKH�VWRPDWD���7KH�DSHUWXUH�RI�WKH�VWRPDWD�DUH�FRQWUROOHG�E\�JXDUG�FHOOV�

ZKLFK�DUH�DIIHFWHG�E\�D�YDULHW\�RI�LQWHUQDO�VSHFLHV�VSHFLILF�IDFWRUV�DQG�H[WHUQDO�HQYLURQPHQWDO

IDFWRUV�VXFK�DV�OLJKW��KXPLGLW\��&2��FRQFHQWUDWLRQ��VRLO�IHUWLOLW\�DQG�QXWULHQW�DYDLODELOLW\��ZDWHU

VWDWXV�RI�WKH�SODQW�DQG��LQ�VRPH�FDVHV��WKH�SUHVHQFH�RI�DLU�SROOXWDQWV��LQFOXGLQJ�2���6HH�8�6�

(3$��������=HLJHU�HW�DO���������6FKXO]H�DQG�+DOO��������%HDGOH�HW�DO�������D�DQG�E��.HDUQV

DQG�$VVPDQQ����������7R�LQYHVWLJDWH�YDULDELOLW\�LQ�GLXUQDO�JDV�H[FKDQJH��7HQKXQHQ�HW�DO�

�������HYDOXDWHG�GLXUQDO�SKRWRV\QWKHVLV�IRU�DSULFRW�PHDVXUHG�EHWZHHQ�-XO\�DQG�6HSWHPEHU

�������:KLOH�WKHUH�LV�D�JHQHUDO�SDWWHUQ�RI�LQFUHDVH�LQ�WKH�PRUQLQJ�DQG�GHFUHDVH�LQ�WKH�HYHQLQJ�

WKH�SDWK�RI�SKRWRV\QWKHVLV��DQG�FRQGXFWDQFH��DUH�TXLWH�GLIIHUHQW�DPRQJ�WKH�GD\V����)RU

H[DPSOH��PLG�GD\�VWRPDWDO�FORVXUH�LV�IUHTXHQWO\�REVHUYHG�XQGHU�FRQGLWLRQV�RI�KLJK�WHPSHUDWXUH

DQG�ORZ�ZDWHU�DYDLODELOLW\��7HQKXQHQ�HW�DO���������:HEHU�DQG�*DWHV��������



���

+RZHYHU��XSWDNH�PHDVXUHG�IRU�RQH�OHDI�PD\�QRW�EH�WKH�VDPH�IRU�DQ\�RI�WKH�RWKHU�OHDYHV

RQ�WKH�SODQW���/HDYHV�H[LVW�LQ�D�FRPSOH[�WKUHH�GLPHQVLRQDO�HQYLURQPHQW�FDOOHG�D�FDQRS\���(DFK

OHDI�KDV�DQ�XQLTXH�RULHQWDWLRQ�ZLWKLQ�WKDW�FDQRS\�DQG�UHFHLYHV�D�GLIIHUHQW�H[SRVXUH�WR�WKH

DPELHQW�DLU���,Q�DGGLWLRQ��D�SODQW�PD\�EH�ORFDWHG�ZLWKLQ�D�VWDQG�RI�RWKHU�SODQWV�ZKLFK�IXUWKHU

PRGLILHV�DPELHQW�DLU�H[FKDQJH�ZLWK�LQGLYLGXDO�OHDYHV���7KLV�PDNHV�LW�GLIILFXOW�WR�H[WUDSRODWH

IURP�WKH�XSWDNH�PHDVXUHG�LQ�D�VLQJOH�OHDI�WR�WKDW�RI�DQ�HQWLUH�SODQW�RU�FDQRS\��

:LWKLQ�WKH�FDQRS\��GXH�WR�LWV�KLJK�UHDFWLYLW\��2��PD\�EH�VFDYHQJHG�RU�DEVRUEHG�E\

RWKHU�HQYLURQPHQWDO�FRPSRQHQWV�DQG�VXUIDFHV�EHIRUH�LW�HYHU�UHDFKHV�WKH�OHDI�LWVHOI����7KRXJK

PRGHOV�RI�VWRPDWDO�FRQGXFWDQFH�IRU�FDQRSLHV�DQG�VWDQGV�KDYH�EHHQ�GHYHORSHG�WR�DFFRXQW�IRU

VRPH�RI�WKLV�FRPSOH[LW\��WKHVH�PRGHOV�UHTXLUH�WKH�XVH�RI�VHYHUDO�DVVXPSWLRQV�WKDW�DW�WKLV�WLPH�

KDYH�QRW�EHHQ�DGHTXDWHO\�WHVWHG�RU�YDOLGDWHG�E\�GLUHFW�PHDVXUHPHQWV���2QH�SDUWLFXODU�DUHD�WKDW

QHHGV�IXUWKHU�VWXG\�LV�WKH�UHODWLYH�LPSRUWDQFH�RI�FXPXODWLYH�XSWDNH�YHUVXV�WKH�UDWH�RI�XSWDNH

�&'���������

%HFDXVH�2��IOX[�LQFRUSRUDWHV�HQYLURQPHQWDO�IDFWRUV�DQG�SK\VLRORJLFDO�SURFHVVHV��VHYHUDO

DXWKRUV��*UDQGMHDQ��HW�DO�������D�E��)XKUHU�HW�DO���������KDYH�VXJJHVWHG�WKDW�LW�EH�WKH�UHOHYDQW

PHDVXUH�IRU�XVH�LQ�UHODWLQJ�H[SRVXUH�WR�SODQW�UHVSRQVH��&'�����������+RZHYHU��PHDVXUHPHQW�RI

IOX[�IRU�DQ�HQWLUH�SODQW�RU�FDQRS\�LV�YHU\�FRPSOH[���7KHUHIRUH��PRVW�UHVHDUFK�KDV�EHHQ�GRQH�WR

WU\�WR�GHYHORS�DSSURSULDWH�VXUURJDWH�PHDVXUHV�IRU�XSWDNH��GLVFXVVHG�EHORZ�LQ�VHFWLRQ�9,,�(��

�� ([WUDFHOOXODU�(IIHFWV

2QFH�ZLWKLQ�WKH�OHDI��2��TXLFNO\�GLVVROYHV�LQ�WKH�DTXHRXV�OD\HU�RQ�WKH�FHOOV�OLQLQJ�WKH

DLU�VSDFHV���:KHQ�2��SDVVHV�LQWR�WKH�OLTXLG�SKDVH��LW�XQGHUJRHV�UHDFWLRQV�WKDW�\LHOG�D�YDULHW\�RI

IUHH�UDGLFDOV��H�J���VXSHUR[LGH�DQG�K\GUR[\O�UDGLFDOV����

0DQ\�FRQVLGHU�PHPEUDQHV�WR�EH�WKH�SULPDU\�VLWH�RI�DFWLRQ�RI�2���+HDWK��������7LQJH\

DQG�7D\ORU����������:KHWKHU�WKH�SODVPD�PHPEUDQH�RU�VRPH�RUJDQHOOH�PHPEUDQH�LV�WKH

SULPDU\�VLWH�RI�2��DFWLRQ�LV�RSHQ�WR�VSHFXODWLRQ��7LQJH\�DQG�7D\ORU����������7KH�DOWHUDWLRQ�LQ

SODVPD�PHPEUDQH�IXQFWLRQ��KRZHYHU��LV�FOHDUO\�DQ�HDUO\�VWHS�LQ�D�VHULHV�RI�2��LQGXFHG�HYHQWV

WKDW�HYHQWXDOO\�OHDGV�WR�OHDI�LQMXU\�

�� ,QWUDFHOOXODU�(IIHFWV

2QFH�2��UHDFWLRQ�SURGXFWV�GLIIXVH�WKURXJK�WKH�FHOO�ZDOO�DQG�LQWHUDFW�ZLWK�RU�GLIIXVH

WKURXJK�WKH�FHOO�PHPEUDQH�WKH\�PD\�DIIHFW�FHOOXODU�RU�RUJDQHOODU�SURFHVVHV���$OWHUHG�FHOO



���

VWUXFWXUH�DQG�IXQFWLRQ�PD\�UHVXOW�LQ�FKDQJHV�LQ�PHPEUDQH�SHUPHDELOLW\��FDUERQ�GLR[LGH

IL[DWLRQ��DQG�PDQ\�VHFRQGDU\�PHWDEROLF�SURFHVVHV��7LQJH\�DQG�7D\ORU����������

�,Q�DGGLWLRQ�WR�WKH�GLVUXSWLRQ�DQG�DOWHUDWLRQ�RI�D�QXPEHU�RI�PHPEUDQH�GHSHQGHQW

IXQFWLRQV�DVVRFLDWHG�ZLWK�SKRWRV\QWKHVLV��2��FDQ�LQWHUIHUH�ZLWK�WKH�ELRFKHPLFDO�DVSHFWV�RI�WKH

SKRWRV\QWKHWLF�SURFHVV�LWVHOI���)RU�H[DPSOH��WKH�HQ]\PH�WKDW�FDWDO\]HV�&2��IL[DWLRQ�GXULQJ

SKRWRV\QWKHVLV��5X%3��FDQ�EH�LQKLELWHG���1DNDPXUD�DQG�6DND��������UHSRUWHG�UHGXFHG�DFWLYLW\

RI�5X%3�FDUER[\ODVH�LQ�ULFH�DIWHU�H[SRVXUH�WR������SSP�2��IRU�RQO\���KRXUV���3HOO�DQG�3HDUVRQ

�������REVHUYHG���������DQG����SHUFHQW�GHFUHDVHV��UHVSHFWLYHO\��LQ�WKH�FRQFHQWUDWLRQ�RI�5X%3

FDUER[\ODVH�LQ�WKH�IROLDJH�RI�WKUHH�DOIDOID�FXOWLYDUV�WKDW�KDG�EHHQ�H[SRVHG�WR�DQ�2�

FRQFHQWUDWLRQ�RI������SSP�IRU���KRXUV���7KHVH�REVHUYDWLRQV�ZHUH�PDGH����KRXUV�DIWHU�H[SRVXUH

RQ�OHDYHV�WKDW�GLG�QRW�H[KLELW�PDFURVFRSLF�LQMXU\�V\PSWRPV��86�(3$���������VKRZLQJ�WKDW

WKHUH�LV�QR�FOHDU�FRQQHFWLRQ�EHWZHHQ�IROLDU�LQMXU\�V\PSWRPV�DQG�ELRFKHPLFDO�FKDQJHV�ZLWKLQ

WKH�OHDI�

7KH�SRWHQWLDO�IRU�2���GLUHFWO\�RU�LQGLUHFWO\��WR�R[LGL]H�VHYHUDO�RWKHU�FODVVHV�RI

ELRFKHPLFDOV�LQFOXGLQJ�QXFOHRWLGHV��SURWHLQV��VRPH�DPLQR�DFLGV�DQG�YDULRXV�OLSLGV�KDV�EHHQ

GHPRQVWUDWHG�LQ�VHYHUDO�LQ�YLWUR�VWXGLHV���1HZ�DSSURDFKHV�DUH�QHHGHG�WR�DVVHVV�WKH�IXOO�UDQJH�RI

LQ�YLYR�ELRFKHPLFDO�FKDQJHV�FDXVHG�E\�2���86�(3$��������

)LQDOO\��FKDQJHV�LQ�WKH�LQ�YLYR�FRQFHQWUDWLRQV�RI�YDULRXV�JURZWK�UHJXODWRUV�RU�KRUPRQHV

VXFK�DV�HWK\OHQH�KDYH�EHHQ�VKRZQ�LQ�D�IHZ�VWXGLHV�WR�EH�FRUUHODWHG�ZLWK�2��VHQVLWLYLW\��

%HFDXVH�HWK\OHQH�SURGXFWLRQ�DOVR�RFFXUV�ZLWK�WKH�ULSHQLQJ�RI�IUXLW��GXULQJ�SHULRGV�RI�VWUHVV�

DQG�GXULQJ�OHDI�VHQHVFHQFH��$EHOHV�HW�DO����������LQFUHDVHG�OHYHOV�RI�HWK\OHQH�LQ�WKH�OHDYHV

FRXOG�SOD\�D�UROH�LQ�WKH�HDUO\�VHQHVFHQFH�RI�IROLDJH���+RZHYHU��EHFDXVH�WKH�UHODWLRQVKLS�LV

FRPSOH[��WKH�XVH�RI�HWK\OHQH�SURGXFWLRQ�DV�DQ�LQGH[�RI�VHQVLWLYLW\�LV�VWLOO�SUREOHPDWLF��3HOO�

������
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�� 5HVLVWDQFH�DQG�&RPSHQVDWLRQ�0HFKDQLVPV

3ODQW�VWUHVV�IURP�2��RFFXUV�ZKHQ�WKH�DWPRVSKHULF�FRQFHQWUDWLRQV�H[FHHG�WKH�OLPLWV�RI

SODQW�WROHUDQFH���,Q�WKH�OHDYHV��2��LQMXU\�ZLOO�QRW�RFFXU�LI�WKH�UDWH�RI�XSWDNH�LV�VXIILFLHQWO\�VPDOO

VR�WKDW�WKH�SODQW�LV�DEOH�WR�GHWR[LI\�2��RU�LWV�PHWDEROLWHV���/HDYHV�PD\�SK\VLFDOO\�H[FOXGH�2�

IURP�VHQVLWLYH�WLVVXHV���$�IHZ�VWXGLHV�KDYH�GRFXPHQWHG�D�GLUHFW�VWRPDWDO�FORVXUH�RU�UHVWULFWLRQ

LQ�UHVSRQVH�WR�WKH�SUHVHQFH�RI�2����,Q�VWXGLHV�DW�2��FRQFHQWUDWLRQV�!������SSP�VWRPDWDO

UHVSRQVH�ZDV�UDSLG��0ROGDX�HW�DO�����������,Q�RWKHU�VWXGLHV��UHGXFWLRQ�LQ�FRQGXFWDQFH�LQ

UHVSRQVH�WR�2��UHTXLUHG�KRXUV�WR�GD\V�RI�H[SRVXUH��'DQQ�DQG�3HOO��������:HEHU�HW�DO���������

$GGLWLRQDOO\��SODQWV�PD\�KDYH�D�ELRFKHPLFDO�GHIHQVH�LQ�WKH�SURGXFWLRQ�RI�DQWLR[LGDQWV��

7ZR�JHQHUDO�NLQGV�RI�DQWLR[LGDQWV�KDYH�EHHQ�UHSRUWHG�LQ�SODQWV�����UHGXFWDQWV�DQG����HQ]\PHV�

�,Q�HLWKHU�FDVH�H[FHVV�R[LGL]LQJ�SRZHU�LV�GLVVLSDWHG�LQ�D�FRQWUROOHG�PDQQHU��HIIHFWLYHO\

SURWHFWLQJ�WKH�WLVVXH�DJDLQVW�GDPDJH���)RU�GHWR[LILFDWLRQ�WR�RFFXU��R[LGDQW�DQG�DQWLR[LGDQW�PXVW

RFFXU�SUR[LPDWHO\�DQG�WKH�UDWH�RI�SURGXFWLRQ�RI�DQWLR[LGDQW�PXVW�DW�OHDVW�EDODQFH�WKH�UDWH�RI

R[LGDQW�HQWU\�LQWR�WKH�V\VWHP���%HFDXVH�SRWHQWLDO�UDWHV�RI�GHWR[LILFDWLRQ�IRU�JLYHQ�WLVVXHV�DQG

WKH�VLWHV�LQ�ZKLFK�WKH\�RFFXU�DUH�QRW�\HW�NQRZQ��WKH�HIIHFWLYHQHVV�RI�WKHVH�V\VWHPV�LQ�SURWHFWLQJ

SODQW�WLVVXH�IURP�GDPDJH�WR�2��FDQQRW�EH�GHWHUPLQHG��&'��������

2QFH�2��LQMXU\�KDV�RFFXUUHG�LQ�OHDI�WLVVXH��VRPH�SODQWV�DUH��DEOH�WR�UHSDLU�RU

FRPSHQVDWH�IRU�WKH�2��LPSDFWV��7LQJH\�DQG�7D\ORU����������,Q�JHQHUDO��SODQWV�KDYH�D�YDULHW\�RI

FRPSHQVDWRU\�PHFKDQLVPV�IRU�ORZ�OHYHOV�RI�HQYLURQPHQWDO�VWUHVV��RI�ZKLFK�2��LV�RQH���6LQFH

WKHVH�PHFKDQLVPV�DUH�JHQHWLFDOO\�GHWHUPLQHG��QRW�DOO�SODQWV�KDYH�WKH�VDPH�FRPSOHPHQW�RI

GHIHQVLYH�WRROV�RU�GHJUHH�RI�2��WROHUDQFH��QRU�DUH�DOO�VWDJHV�LQ�D�SODQW
V�GHYHORSPHQW�HTXDOO\

VHQVLWLYH�WR�2��

$�ZLGH�UDQJH�RI�FRPSHQVDWRU\�UHVSRQVHV�KDYH�EHHQ�LGHQWLILHG��LQFOXGLQJ�UHDOORFDWLRQ�RI

UHVRXUFHV��FKDQJHV�LQ�URRW�VKRRW�UDWLR��SURGXFWLRQ�RI�QHZ�WLVVXH��DQG�RU�ELRFKHPLFDO�VKLIWV�

VXFK�DV�LQFUHDVHG�SKRWRV\QWKHWLF�FDSDFLW\�LQ�QHZ�IROLDJH��DQG�FKDQJHV�LQ�UHVSLUDWLRQ�UDWHV

LQGLFDWLQJ�SRVVLEOH�UHSDLU�RU�UHSODFHPHQW�RI�GDPDJHG�PHPEUDQHV�RU�HQ]\PHV���)RU�H[DPSOH�

UHSODFHPHQW�RI�LQMXUHG�OHDI�WLVVXH�KDV�EHHQ�UHSRUWHG�IRU�VRPH�VSHFLHV�DIWHU�H[SRVXUH�WR�2�

�+HOG�HW�DO���������7HPSOH�HW�DO���������DQG��LQFUHDVHG�SKRWRV\QWKHWLF�FDSDFLW\�RI�QHZ�QHHGOHV

LQ�2��WUHDWPHQWV�FRPSDUHG�WR�FRQWUROV���$GGLWLRQDOO\��SRQGHURVD�SLQH�KDV�EHHQ�VKRZQ�WR

UHFRYHU�IURP�GHFUHDVHG�SKRWRV\QWKHWLF�UDWHV�LQ�2��WUHDWHG�QHHGOHV���,Q�RQH�FDVH�LQMXUHG�QHHGOHV



���

ZHUH�DEOH�WR�UHJDLQ�WKH�SKRWRV\QWKHWLF�UDWH�RI�FRQWUROV�DIWHU�������GD\V��:HEHU�HW�DO���������

:KLOH�WKHVH�V\VWHPV�SRWHQWLDOO\�SURYLGH�SURWHFWLRQ�DJDLQVW�2��DOWHUDWLRQ�WR�WLVVXH

SK\VLRORJ\��LW�LV�QRW�\HW�NQRZQ�WR�ZKDW�GHJUHH�RU�KRZ�WKH�XVH�RI�SODQW�UHVRXUFHV�IRU�UHSDLU

SURFHVVHV�DIIHFWV�WKH�RYHUDOO�FDUERK\GUDWH�EXGJHW�RU�VXEVHTXHQW�SODQW�UHVSRQVH�WR�2��RU�RWKHU

VWUHVVHV��&'��������

�� 3K\VLRORJLFDO�(IIHFWV

7KH�HIIHFWV�RI�2��LQMXU\�DW�WKH�FHOOXODU�OHYHO�LQ�WKH�ZD\V�GHVFULEHG�DERYH��ZKHQ�WKH\

KDYH�DFFXPXODWHG�VXIILFLHQWO\��ZLOO�EH�SURSDJDWHG�WR�WKH�OHYHO�RI�WKH�ZKROH�OHDI�RU�SODQW���7KHVH

ODUJHU�VFDOH�HIIHFWV�FDQ�LQFOXGH������YLVLEOH�IROLDU�LQMXU\������SUHPDWXUH�QHHGOH�OHDI�VHQHVFHQFH�

����UHGXFHG�SKRWRV\QWKHVLV������UHGXFHG�FDUERK\GUDWH�SURGXFWLRQ�DQG�DOORFDWLRQ������UHGXFHG

SODQW�YLJRU��DQG�����UHGXFHG�JURZWK�RU�UHSURGXFWLRQ�RU�ERWK��0LOOHU�HW�DO���������0F/DXJKOLQ

HW�DO���������6NHOO\�HW�DO���������8�6��(3$��������

9LVLEOH�)ROLDU�,QMXU\���$OWKRXJK�2��FDQ�VLJQLILFDQWO\�DOWHU�FHOOXODU�DQG�SKRWRV\QWKHWLF

SURFHVVHV�ZLWKRXW�UHVXOWLQJ�LQ�FKDQJHV�LQ�OHDI�DSSHDUDQFH��FHOOXODU�LQMXU\�FDQ�DQG�RIWHQ�GRHV

EHFRPH�YLVLEOH���)RU�FRQLIHURXV�WUHHV��WZR�YLVLEO\�UHFRJQL]DEOH�V\QGURPHV�KDYH�EHHQ

DVVRFLDWHG�ZLWK�R[LGDQW�LQMXU\���2QH��HPHUJHQW�WLSEXUQ��LV�QRWHG�PRVW�RIWHQ�RQ�HDVWHUQ�ZKLWH

SLQH���7KLV�LQMXU\�LV�FKDUDFWHUL]HG�DV�D�WLS�GLHEDFN�RI�QHZO\�HORQJDWLQJ�QHHGOHV���6LOYHU\�RU

FKORURWLF��DEVHQFH�RU�GHILFLHQF\�RI�JUHHQ�SLJPHQW��IOHFNV��FKORURWLF�PRWWOLQJ��DQG�WLS�QHFURVLV

�WLVVXH�GHDWK��RI�QHHGOHV�PD\�DOVR�EH�SUHVHQW���7KH�RWKHU�2��LQMXU\�UHVSRQVH��FKORURWLF�GHFOLQH�

UHVXOWV�LQ�WKH�ORVV�RI�DOO�EXW�WKH�FXUUHQW�VHDVRQ
V�QHHGOHV�DQG�ZDV�ILUVW�QRWHG�RQ�SRQGHURVD�SLQH�

�<HOORZ�PRWWOLQJ�DQG�D�UHGXFWLRQ�LQ�WKH�QXPEHU�DQG�VL]H�RI�WKH�UHPDLQLQJ�QHHGOHV�PD\�DOVR

RFFXU���,Q�QRQ�FRQLIHURXV�VSHFLHV��DFXWH�2��LQMXU\�XVXDOO\�UHVXOWV�LQ�FHOO�GHVWUXFWLRQ��ELIDFLDO

QHFURVLV��GXH�WR�WKH�GLVUXSWLRQ�RI�QRUPDO�FHOO�VWUXFWXUH�DQG�SURFHVVHV�DQG�WKH�VXEVHTXHQW�ORVV

RI�ZDWHU�DQG�VDOWV�IURP�WKH�FHOO��8�6��(3$���������

$FXWH�LQMXU\�XVXDOO\�DSSHDUV�ZLWKLQ����KRXUV�DIWHU�H[SRVXUH�WR�2��DQG��GHSHQGLQJ�RQ

WKH�VSHFLHV��FDQ�RFFXU�XQGHU�D�UDQJH�RI�H[SRVXUHV�DQG�GXUDWLRQV���)RU�H[DPSOH��D�VXPPDU\�RI

OLPLWLQJ�YDOXHV�IRU�YLVLEOH�LQMXU\�VKRZHG�HIIHFWV�RFFXUULQJ�DFURVV�D�UDQJH�RI�H[SRVXUHV�IURP

�����SSP�IRU�D�SHULRG�RI���K�WR������SSP�IRU�����K�IRU�FURSV��DQG������SSP�IRU���K�WR�����

SSP�IRU���K�IRU�WUHHV�DQG�VKUXEV��8�6��(3$��������

&KURQLF�LQMXU\�PD\�EH�PLOG�RU�VHYHUH��DQG�LV�DVVRFLDWHG�ZLWK�ORQJ�WHUP�RU�PXOWLSOH



���

H[SRVXUHV�WR�HOHYDWHG�2��OHYHOV���8QGHU�FKURQLF�H[SRVXUHV��GLVUXSWLRQ�RI�QRUPDO�FHOOXODU

DFWLYLW\�RFFXUV��OHDGLQJ�WR�FKORURWLF�PRWWOLQJ��EOHDFKHG�RU�XQSLJPHQWHG�OHVLRQV��IOHFNV��RU

SLJPHQWDWLRQ��VWLSSOLQJ����7KRXJK�FHOO�GHDWK�PD\�HYHQWXDOO\�UHVXOW��GHSHQGLQJ�RQ�GRVH�DQG

HQYLURQPHQWDO�FRQGLWLRQV��PHPEUDQH�SHUPHDELOLW\�PD\�EH�UHVWRUHG�DQG�FHOO�UHFRYHU\�RFFXU

�8�6��(3$����������&KURQLF�2��LQMXU\�SDWWHUQV�PD\�EH�FRQIXVHG�ZLWK�V\PSWRPV�UHVXOWLQJ�IURP

QRUPDO�VHQHVFHQFH��ELRWLF�SDWKRJHQV��LQFOXGLQJ�LQVHFWV��QXWULWLRQDO�GLVRUGHUV��RU�RWKHU

HQYLURQPHQWDO�VWUHVVHV���7KHVH�SDWWHUQV�PD\�DSSHDU�DV�SUHPDWXUH�OHDI�VHQHVFHQFH�

7KH�VLJQLILFDQFH�RI�2��LQMXU\�DW�WKH�OHDI�OHYHO�GHSHQGV�RQ�KRZ�PXFK�RI�WKH�WRWDO�OHDI

DUHD�RI�WKH�SODQW�KDV�EHHQ�DIIHFWHG��DV�ZHOO�DV�WKH�SODQW
V�DJH�DQG�VL]H��GHYHORSPHQWDO�VWDJH�

DQG�GHJUHH�RI�IXQFWLRQDO�UHGXQGDQF\�DPRQJ�WKH�H[LVWLQJ�OHDI�DUHD���$V�D�UHVXOW��LW�LV�QRW

SUHVHQWO\�SRVVLEOH�WR�GHWHUPLQH�ZLWK�FRQVLVWHQF\�DFURVV�VSHFLHV�DQG�HQYLURQPHQWV�ZKDW�GHJUHH

RI�LQMXU\�DW�WKH�OHDI�OHYHO�KDV�VLJQLILFDQFH�WR�WKH�YLJRU�RI�WKH�ZKROH�SODQW�

3UHPDWXUH�1HHGOH�/HDI�6HQHVFHQFH���2]RQH�KDV�EHHQ�VKRZQ�WR�DIIHFW�QHHGOH�RU�OHDI

UHWHQWLRQ�LQ�OREOROO\�SLQH��6WRZ�HW�DO���������.UHVV�HW�DO����������VODVK�SLQH��%\UHV�HW�DO��

�������DVSHQ��.HOOHU��������0DW\VVHN�HW�DO�������D�E��DQG�DSSOH��:LOWVKLUH�HW�DO����������DV

ZHOO�DV�RWKHU�VSHFLHV���/HDI�UHSODFHPHQW�PD\�EH�SDUW�RI�WKH�QRUPDO�JURZWK�VWUDWHJ\�HPSOR\HG

E\�WKH�SODQW�WR�PDLQWDLQ�SKRWRV\QWKHWLF�SURGXFWLRQ���+RZHYHU��OHDYHV�WKDW�KDYH�WR�EH�UHSODFHG

PRUH�IUHTXHQWO\�GUDLQ�HQHUJ\�IURP�SODQW�UHVHUYHV�DQG�WKRVH�WKDW�DUH�LUUHSODFHDEO\�ORVW�UHSUHVHQW

D�QHW�ORVV�RI�SKRWRV\QWKHWLF�FDSDFLW\�WKDW�FDQ�KDYH�VLJQLILFDQW�HIIHFWV�RQ�SODQW�YLJRU�

,PSDLUHG�3KRWRV\QWKHVLV��&KDQJHG�&DUERK\GUDWH�3URGXFWLRQ�DQG�$OORFDWLRQ��

3KRWRV\QWKHVLV��WKH�SURFHVV�E\�ZKLFK�SODQWV�SURGXFH�HQHUJ\�ULFK�FRPSRXQGV��H�J�����IRU�XVH�LQ

JURZWK��PDLQWHQDQFH��UHSURGXFWLRQ�RU�VWRUDJH��FDQ�EH�LPSDLUHG�E\�2����7KLV�LPSDLUPHQW�PD\

UHVXOW�IURP�WKH�GLUHFW�LPSDFW�RI�2��RQ�FKORURSODVW�IXQFWLRQ�RU�IURP�2��LQGXFHG�VWRPDWDO�FORVXUH

UHVXOWLQJ�LQ�UHGXFHG�&2��XSWDNH��RU�ERWK���$V�GLVFXVVHG�DERYH��WKLV�FDQ�RFFXU�ZLWKRXW�DQ\

PDFURVFRSLF�YLVLEOH�LQMXU\�

,I�WRWDO�SODQW�SKRWRV\QWKHVLV�LV�VXIILFLHQWO\�UHGXFHG��WKH�SODQW�ZLOO�UHVSRQG�E\

UHDOORFDWLQJ�WKH�UHPDLQLQJ�FDUERK\GUDWH�DW�WKH�OHYHO�RI�WKH�ZKROH�RUJDQLVP���6LQFH�WKH�URRWV�DUH

RIWHQ�WKH�ODUJHVW�VRXUFH�RI�VWRUHG�FDUERK\GUDWH��WKH\��$QGHUVHQ�HW�DO���������$QGHUVHQ�DQG

5\JLHZLF]��������DQG�DVVRFLDWHG�P\FRUUKL]DO�IXQJL��$GDPV�DQG�2
1HLO��������(GZDUGV�DQG

.HOO\��������0F4XDWWLH�DQG�6FKLHU��������0HLHU�HW�DO���������7D\ORU�DQG�'DYLHV�������

EHFRPH�HVSHFLDOO\�VXVFHSWLEOH�WR�UHGXFHG�FDUERK\GUDWH�DYDLODELOLW\��DQG�TXLWH�IUHTXHQWO\�VKRZ



���

WKH�JUHDWHVW�GHFOLQH�LQ�JURZWK���&RROH\�DQG�0DQQLQJ��������UHYLHZHG�WKH�OLWHUDWXUH�RQ

FDUERK\GUDWH�SDUWLWLRQLQJ�DQG�QRWHG�WKDW��VWRUDJH�RUJDQV�������DUH�PRVW�DIIHFWHG�E\�2��LQGXFHG

SDUWLWLRQLQJ�FKDQJHV�ZKHQ�2��FRQFHQWUDWLRQV�DUH�LQ�WKH�UDQJH�FRPPRQO\�REVHUYHG�LQ�SROOXWHG

DPELHQW�DLU���

:KHQ�OHVV�FDUERK\GUDWHV�DUH�SUHVHQW�LQ�URRWV��OHVV�HQHUJ\�ZLOO�EH�DYDLODEOH�IRU�URRW�

UHODWHG�IXQFWLRQV�VXFK�DV�WKH�DFTXLVLWLRQ�RI�ZDWHU�DQG�QXWULHQWV���0\FRUUKL]DO�IXQJL��ZKLFK

LQYDGH�WKH�URRWV�RI�WHUUHVWULDO�SODQWV��DUH�RI�JUHDW�LPSRUWDQFH�IRU�YHJHWDWLRQDO�JURZWK��8�6�

(3$����������7KHVH�IXQJL�LQFUHDVH�WKH�VROXELOLW\�RI�PLQHUDOV��LPSURYH�WKH�XSWDNH�RI�QXWULHQWV

IRU�KRVW�SODQWV��SURWHFW�KRVW�URRWV�DJDLQVW�SDWKRJHQV��SURGXFH�SODQW�JURZWK�KRUPRQHV��DQG�PD\

WUDQVSRUW�FDUERK\GUDWH�IURP�RQH�SODQW�WR�DQRWKHU��&'����������2]RQH�KDV�WKH�FDSDELOLW\�RI

GLVUXSWLQJ�WKH�DVVRFLDWLRQ�EHWZHHQ�WKH�P\FRUUKL]DO�IXQJL�DQG�KRVW�SODQWV�E\�LQKLELWLQJ

SKRWRV\QWKHVLV�DQG�WKH�DPRXQW�RI�VXJDUV�DYDLODEOH�IRU�WUDQVIHU�WR�WKH�URRWV���,Q�RQH�H[DPSOH�

%HUU\��������H[DPLQHG�WKH�URRWV�RI�HDVWHUQ�ZKLWH�SLQH�LQMXUHG�E\�2��DQG�REVHUYHG�WKDW�KHDOWK\

WUHHV�KDG�DOPRVW�WZLFH�WKH�SHUFHQWDJH�RI�OLYLQJ�IHHGHU�URRWV�DV�WUHHV�ZLWK�2��LQMXU\���3ULPDU\

URRWV�RI�DIIHFWHG�WUHHV�KDYH�HYHQ�EHHQ�VKRZQ�WR�GLH�DIWHU�UHSHDWHG�QHHGOH�LQMXU\��8�6��(3$�

��������

8QOLNH�URRW�V\VWHPV��HIIHFWV�RQ�OHDI�DQG�QHHGOH�FDUERK\GUDWH�FRQWHQW�XQGHU�FRQGLWLRQV

RI�2��VWUHVV�KDYH�UDQJHG�IURP�D�UHGXFWLRQ��%DUQHV�HW�DO���������0LOOHU�HW�DO����������WR�QR

HIIHFW��$OVFKHU�HW�DO����������WR�DQ�LQFUHDVH��/XHWK\�.UDXVH�DQG�/DQGROW����������)ULHQG�DQG

7RPOLQVRQ��������IRXQG�WKDW�2��H[SRVXUH�LQFUHDVHG�UHWHQWLRQ�RI�&���ODEHOOHG�SKRWRV\QWKDWH�LQ

QHHGOHV�RI�OREOROO\�SLQH��DQG�PRGLILHG�LWV�GLVWULEXWLRQ�DPRQJ�VWDUFK��OLSLGV��DQG�RUJDQLF�DFLGV

�(GZDUGV�HW�DO���������)ULHQG�HW�DO�����������7KHVH�UHVSRQVHV�KDYH�EHHQ�PHDVXUHG�LQ�SRQGHURVD

SLQH�VHHGOLQJV�H[SRVHG�WR�2��FRQFHQWUDWLRQV�RI������SSP�IRU���KU�GD\�IRU����ZHHNV��7LQJH\�HW

DO���������

5HGXFHG�3ODQW�9LJRU���7KHUH�LV�QR�HYLGHQFH�WR�VXJJHVW�WKDW�2��OHYHOV�RYHU�PRVW�RI�WKH

8�6��DUH�KLJK�HQRXJK�WR�NLOO�YHJHWDWLRQ�GLUHFWO\���+RZHYHU��DW�FXUUHQW�DPELHQW�OHYHOV�WKDW�RFFXU

GXULQJ�2��HSLVRGHV��WKH�DELOLW\�RI�PDQ\�VHQVLWLYH�VSHFLHV�RU�JHQRW\SHV�ZLWKLQ�VSHFLHV�WR�DGDSW

WR�RWKHU�HQYLURQPHQWDO�VWUHVVHV��LQFOXGLQJ�FRPSHWLWLRQ�IRU�DYDLODEOH�UHVRXUFHV��FDQ�EH

VXIILFLHQWO\�FRPSURPLVHG�VXFK�WKDW�WKH�HQG�UHVXOWV�SURYH�IDWDO�IRU�VRPH�SODQWV���)RU�H[DPSOH�

0F/DXJKOLQ�HW�DO���������REVHUYHG�WKDW�WKH�UHGXFHG�DYDLODELOLW\�RI�FDUERK\GUDWHV�DVVRFLDWHG

ZLWK�2��H[SRVXUH�UHVXOWHG�LQ�HQKDQFHG�VXVFHSWLELOLW\�RI�WUHHV�WR�URRW�GLVHDVH�DQG�LQIOXHQFHG�WKH



���

VXFFHVV�RI�SHVW�LQIHVWDWLRQV��+DLQ��������/HFKRZLH]����������)LQFKHU��������DQG�'DYLVRQ�HW�DO�

�������IRXQG�WKDW�2��DOVR�FDQ�GHFUHDVH�WKH�DELOLW\�RI�WUHHV�WR�ZLWKVWDQG�ZLQWHU�LQMXU\�FDXVHG�E\

H[SRVXUH�WR�IUHH]LQJ�WHPSHUDWXUHV�

5HGXFHG�*URZWK�DQG�RU�5HSURGXFWLRQ���$V�GLVFXVVHG�DERYH��2��H[SRVXUH�FDQ�UHGXFH

FDUERK\GUDWH�SURGXFWLRQ�RU�VWRUDJH�LQ�SODQWV���,Q�DQQXDO�VSHFLHV�WKLV�DIIHFWV�SODQW�JURZWK�

IORZHULQJ��DQG�VHHG�GHYHORSPHQW���8QOLNH�DQQXDOV��GHFLGXRXV�SHUHQQLDOV�WKDW�PXVW�VXUYLYH

PRUH�WKDQ�RQH�\HDU�DQG�GHYHORS�QHZ�OHDYHV�HDFK�\HDU�DIWHU�D�SHULRG�RI�GRUPDQF\�GHSHQG�RQ

ORQJ�WHUP�VWRUDJH�RI�FDUERK\GUDWHV�WR�JHW�WKHP�WKURXJK�XQIDYRUDEOH�JURZWK�SHULRGV���7KXV�

ZKLOH�QR�2��HIIHFWV�RQ�JURZWK�PD\�EH�REVHUYHG�DERYH�JURXQG�GXULQJ�D�\HDU�RI�HOHYDWHG�2�

OHYHOV��WKH�IROORZLQJ�\HDU�PD\�VKRZ�D�GHFUHDVH�LQ�URRW�JURZWK�RU�QHZ�ELRPDVV�SURGXFWLRQ��

&RQLIHURXV�VSHFLHV�DOVR�PXVW�PDLQWDLQ�IROLDJH�IURP�RQH�\HDU�WR�WKH�QH[W��DQG�PD\��LQ

VRPH�VSUXFH�VSHFLHV��UHWDLQ�DV�PDQ\�DV����\HDUV�RI�QHHGOHV�DW�DQ\�SRLQW�LQ�WLPH��DQG�FRQWLQXH

WR�SURGXFH�FDUERK\GUDWHV�HYHQ�GXULQJ�ZLQWHU�PRQWKV���7KHUHIRUH��LQMXU\�WR�RU�HDUO\�ORVV�RI

QHHGOHV�FDQ�UHVXOW�LQ�D�JUHDWHU�VKLIW�LQ�UHPDLQLQJ�FDUERK\GUDWHV�WR�UHSDLU�DQG�UHSODFHPHQW�RI

QHHGOHV��WKXV�SRWHQWLDOO\�UHGXFLQJ�ELRPDVV�SURGXFWLRQ����:KHQ�VWRUDJH�FDUERK\GUDWHV�DUH

OLPLWHG��ROGHU�QHHGOHV�PD\�EHFRPH�WKH�VRXUFH�RI�SKRWRV\QWKDWH�IRU�QHZ�QHHGOH�JURZWK�LQ�WKH

VSULQJ�DQG�VWRUDJH�VLQNV�LQ�WKH�IDOO��0F/DXJKOLQ�HW�DO�����������7KXV��2��LPSDFWV�PD\�EH�IHOW

RYHU�PXOWLSOH�\HDUV���7KHVH��FDUU\�RYHU��HIIHFWV�KDYH�EHHQ�GRFXPHQWHG�LQ�WKH�JURZWK�RI�WUHH

VHHGOLQJV��+RJVHWW�HW�DO���������6DVHN�HW�DO���������7HPSOH�HW�DO���������DQG�LQ�UHJURZWK�RI

URRWV��$QGHUVHQ�HW�DO�����������&RQWUROOHG�H[SRVXUHV��KRZHYHU��KDYH�EHHQ�IRU�WKH�PRVW�SDUW

RQO\�����\HDUV�LQ�GXUDWLRQ�VR�WKDW�GDWD�RQ�WKH�FXPXODWLYH�HIIHFWV�RI�PXOWLSOH�\HDUV�RI�2�

H[SRVXUH�DUH�H[WUHPHO\�OLPLWHG��&'��������

&� (QYLURQPHQWDO�)DFWRUV�$IIHFWLQJ�3ODQW�5HVSRQVH

3ODQW�UHVSRQVH�WR�2��H[SRVXUH�LV�D�IXQFWLRQ�RI�WKH�SODQW
V�RQJRLQJ�LQWHJUDWLRQ�RI

ELRORJLFDO��SK\VLFDO�DQG�FKHPLFDO�IDFWRUV�ERWK�ZLWKLQ�DQG�H[WHUQDO�WR�WKH�SODQW���7KH�FRUROODU\

LV�DOVR�WUXH��2��H[SRVXUH�FDQ�PRGLI\�WKH�SODQW
V�VXEVHTXHQW�LQWHJUDWHG�UHVSRQVH�WR�RWKHU

HQYLURQPHQWDO�IDFWRUV���7KXV��WKHUH�DUH�LQKHUHQW�PXOWLSOH�VRXUFHV�RI�XQFHUWDLQW\�ZKLFK�PXVW�EH

UHFRJQL]HG�LQ�UHODWLQJ�SODQW�UHVSRQVH�XQGHU�RQH�VHW�RI�JURZLQJ�FRQGLWLRQV�WR�UHVSRQVHV�XQGHU

RWKHU�FRQGLWLRQV���$GGLWLRQDOO\��WKH�QXPHURXV�PHWKRGRORJLHV�XVHG�LQ�YHJHWDWLRQ�UHVHDUFK�KDYH

EHHQ�GHVLJQHG�WR�DGGUHVV�SDUWLFXODU�VHWV�RI�XQFHUWDLQWLHV�DQG�DQVZHU�SDUWLFXODU�W\SH�RI
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TXHVWLRQV���:KHQ�GLVFXVVLQJ�WKH�UHVXOWV�RI�D�VWXG\��WKH�XQFHUWDLQWLHV�LQWURGXFHG�E\�WKH�W\SH�RI

PHWKRGRORJ\�XVHG�VKRXOG�DOVR�EH�UHFRJQL]HG�

�� %LRORJLFDO�)DFWRUV

*HQHWLFV���7KH�JHQHWLF�FRGH�RI�HDFK�SODQW�FRQWDLQV�D�JHQH�RU�JHQHV�WKDW�JRYHUQ�LWV

UHVSRQVH�WR�2����(YHQ�ZLWKLQ�WKH�JHQRPHV�RI�D�SDUWLFXODU�SODQW�VSHFLHV��WKHUH�LV�ZLGH�YDULDELOLW\

LQ�2��VHQVLWLYLW\���7KLV�KDV�EHHQ�DPSO\�GHPRQVWUDWHG�WKURXJK�LQWHU��DQG�LQWUDVSHFLILF

FRPSDULVRQV�ZKLFK�KDYH�VKRZQ�WKDW�LW�LV�QRW�XQFRPPRQ�WR�KDYH�D�VSHFLHV�ZLWK�JHQRW\SHV�WKDW

YDU\�E\�DV�PXFK�DV�����LQ�WKH�VDPH�VWXG\���7KHVH�ILQGLQJV�KDYH�VLJQLILFDQW�LPSOLFDWLRQV�IRU

SUHGLFWLQJ�SODQW�UHVSRQVH�WR�2����)LUVW��DQ�H[SRVXUH�UHVSRQVH�UHODWLRQVKLS�JHQHUDWHG�IRU�D�VLQJOH

JHQRW\SH�RU�VPDOO�JURXS�RI�JHQRW\SHV�PD\�QRW�DGHTXDWHO\�UHSUHVHQW�WKH�UHVSRQVH�RI�WKH�VSHFLHV

DV�D�ZKROH��7HPSOH����������)XUWKHU��D�VWXG\�WKDW�XVHV�RQO\�WKH�PRVW�VHQVLWLYH�JHQRW\SHV�ZLWKLQ

D�VSHFLHV�PLJKW�RYHUHVWLPDWH�WKH�LQMXU\�EHLQJ�GRQH�WR�WKH�VSHFLHV�DV�D�ZKROH��

6HFRQGO\��WKLV�YDULDELOLW\�LQ�UHVSRQVH�PHDQV�WKDW�2��FDQ�LPSRVH�D�VHOHFWLYH�IRUFH

IDYRULQJ�WROHUDQW�JHQRW\SHV�RYHU�VHQVLWLYH�RQHV���)RU�H[DPSOH��VHQVLWLYH�VSHFLHV�DUH�XQDEOH�WR

FRPSHWH�IRU�WKH�UHTXLUHG�ZDWHU�DQG�QXWULHQWV��RU�PD\�QRW�EH�DEOH�WR�UHSURGXFH��5RRVH�HW�DO��

������7UHVKRZ���������

1XPHURXV�VWXGLHV�VKRZ�WKDW�LW�LV�OLNHO\�WKDW�VHQVLWLYH�JHQRW\SHV�DUH�EHLQJ�ORVW�IURP

QDWXUDO�HFRV\VWHPV�DW�FXUUHQW�DPELHQW�2��H[SRVXUHV�LQ�VRPH�SDUWV�RI�WKH�8�6���%HUUDQJ�HW�DO�

�������������������KDYH�SUHVHQWHG�HYLGHQFH�IRU�SRSXODWLRQ�FKDQJH�LQ�WUHPEOLQJ�DVSHQ��3RSXOXV

WUHPXORLGHV�/���E\�VKRZLQJ�WKDW�DVSHQ�FORQHV�IURP�SROOXWHG�DUHDV�ZHUH�YLVLEO\�LQMXUHG�WR�D

OHVVHU�GHJUHH�WKDQ�WKRVH�WDNHQ�IURP�XQSROOXWHG�DUHDV���$GGLWLRQDOO\��.DUQRVN\�������������

VWXGLHG�WKH�2��V\PSWRP�H[SUHVVLRQ�DQG�VXUYLYDO�RI�RYHU�������HDVWHUQ�ZKLWH�SLQH�WUHHV�JURZLQJ

LQ�VRXWKHUQ�:LVFRQVLQ�DQG�IRXQG�WKDW�2��VHQVLWLYH�JHQRW\SHV�KDG�D�WHQ�WLPHV�KLJKHU�UDWH�RI

PRUWDOLW\�WKDQ�GLG�WKH�2��UHVLVWDQW�JHQRW\SHV�RYHU�D����\HDU�VWXG\���'XULQJ�WKH�����
V�

VLJQLILFDQW�QXPEHUV�RI�VHQVLWLYH�ZKLWH�SLQH�ZHUH�ORVW�IURP�WKH�&XPEHUODQG�3ODWHDX�LQ

7HQQHVVHH���+HDJOH�HW�DO���������IRXQG�D�SRSXODWLRQ�FKDQJH�LQ�2��VHQVLWLYLW\�LQ�ZKLWH�FORYHU

�7ULIROLXP�UHSHQV�/��DIWHU�WZR�\HDUV�RI�2��H[SRVXUHV�LQ�RSHQ�WRS�FKDPEHUV��DQG�*LOOHVSLH�DQG

:LQQHU��������IRXQG�2��WR�EH�D�VWURQJ�DQG�UDSLG�VHOHFWLYH�IRUFH�ZLWK�UDGLVK�FXOWLYDU��&KHUU\

%HOOH���

/LPLWHG�HYLGHQFH�DOVR�VXJJHVWV�WKDW�2��PD\�DIIHFW�WKH�UHSURGXFWLYH�VXFFHVV�RI�2�
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VHQVLWLYH�VSHFLHV���6WXGLHV�RQ�WKH�HIIHFWV�RI�2��RQ�SROOHQ�JHUPLQDWLRQ�DQG�WXEH�HORQJDWLRQ�RI

VRPH�6FRWW
V�SLQH��HDVWHUQ�ZKLWH�SLQH��FRUQ��SHWXQLD��DQG�WRPDWR�JHQHUDOO\�IRXQG�D�QHJDWLYH

LPSDFW�RI�2��RQ�WKLV�FULWLFDO�HOHPHQW�RI�UHSURGXFWLRQ��&'����������5HGXFHG�IORZHULQJ�DV�WKH

UHVXOW�RI�SURORQJHG�IXPLJDWLRQ�ZLWK�2��KDV�EHHQ�VKRZQ�LQ�%ODGGHU�FDPSLRQ��JHUDQLXP��DQG

FDUQDWLRQ���7KLV�HIIHFW�UHGXFHV�WKH�ILWQHVV�RI�WKH�DIIHFWHG�JHQRW\SHV��DQG�PD\�UHVXOW�LQ�WKH

HYHQWXDO�ORVV�RI�WKHVH�JHQHWLF�XQLWV�IURP�2��VWUHVVHG�HQYLURQPHQWV�

3ODQW�EUHHGHUV�ZRUNLQJ�LQ�ORFDWLRQV�ZLWK�KLJK�2��FRQFHQWUDWLRQV�KDYH�GHYHORSHG

YDULHWLHV�PRUH�WROHUDQW�WR�2��WKDQ�WKRVH�GHYHORSHG�XQGHU�ORZ�2��FRQGLWLRQV�IRU�VXFK�VSHFLHV�DV

DOIDOID��SRWDWR��FRWWRQ��DQG�VXJDU�EHHW��&'����������/LNHZLVH��QXUVHU\�RZQHUV��&KULVWPDV�WUHH

JURZHUV��DQG�VHHG�RUFKDUG�PDQDJHUV�KDYH�DOO�URXWLQHO\�GLVFDUGHG�SROOXWLRQ�VHQVLWLYH�FKORURWLF

GZDUI�DQG�WLSEXUQHG�ZKLWH�SLQH�WUHHV�EHFDXVH�RI�WKHLU�VORZ�JURZWK�LQ�DUHDV�ZLWK�KLJK�2�

�8PEDFK�DQG�'DYLV���������DQG�WKXV��FRQWULEXWHG�WR�WKH�VHOHFWLRQ�RI�PRUH�WROHUDQW�FRPPHUFLDO

IRUHVWV�

,Q�QDWXUDO�HFRV\VWHPV��WKH�ORVV�RI�JHQHWLF�GLYHUVLW\�LV�FRQVLGHUHG�DQ�DGYHUVH�LPSDFW�E\

)HGHUDO�/DQG�0DQDJHUV�RI�)HGHUDO�&ODVV�,�DUHDV�ZKR�KDYH�EHHQ�JLYHQ�WKH�FKDUJH�WR�SUHVHUYH

IRU�IXWXUH�JHQHUDWLRQV�WKH�JHQHWLF�UHVRXUFHV�ZLWKLQ�WKHLU�ERUGHUV���,Q�DGGLWLRQ��VXFK�ORVV�PD\

KDYH�HFRQRPLF�LPSOLFDWLRQV�IRU�FRPPHUFLDOO\�LPSRUWDQW�VSHFLHV�LI�WKH�UHPDLQLQJ�SRSXODWLRQV

DUH�PDGH�XS�RI�2��UHVLVWDQW�SODQWV�WKDW�DUH�OHVV�DGDSWDEOH�WR�VXEVHTXHQW�FKDQJH��RU�LI�WKH�2�

WROHUDQW�WUDLW�LV�OLQNHG�WR�RWKHU�WUDLWV�VXFK�DV�VORZHU�JURZWK�DQG�SURGXFWLYLW\��

3ROOXWDQW�3ODQW�3HVW�3DWKRJHQ�,QWHUDFWLRQV���6LJQLILFDQW�UHVHDUFK�KDV�EHHQ�GRQH�RQ�WKLV

WRSLF�VLQFH�WKH������&ULWHULD�'RFXPHQW���6HYHUDO�UHFHQW�VWXGLHV�RQ�WKH�HIIHFWV�RI�2��RQ�WKH

IHHGLQJ�SUHIHUHQFH�RI�KHUELYRURXV�LQVHFWV��DQG�RQ�WKHLU�JURZWK��IHFXQGLW\��DQG�VXUYLYDO�KDYH

UHSRUWHG�WKDW�2��LQGXFHG�FKDQJHV�LQ�WKH�KRVW�SODQWV�IUHTXHQWO\�UHVXOW�LQ�LQFUHDVHG�IHHGLQJ

SUHIHUHQFH�RI�D�UDQJH�RI�LQVHFW�VSHFLHV���)RU�H[DPSOH��&KDSSHOND�HW�DO���������IRXQG�WKDW�2�

HQKDQFHG�WKH�IHHGLQJ�SUHIHUHQFH�DQG�ODUYDO�JURZWK�RI�WKH�0H[LFDQ�EHDQ�EHHWOH�RQ�VR\EHDQ�

OHDGLQJ�WR�LQFUHDVHG�GHIROLDWLRQ���6LPLODUO\��VWLPXODWRU\�UHVSRQVHV�ZHUH�REVHUYHG�ZLWK�SLQZRUP

RQ�WRPDWR��ZLWK�DSKLG�DQG�ZHHYLO�RQ�(XURSHDQ�EHHFK��ZLWK�WKH�PRQDUFK�EXWWHUIO\�RQ

PLONZHHG��DQG�ZLWK�LQIHVWDWLRQ�E\�WKH�ZLOORZ�OHDI�EHHWOH�RQ�FRWWRQZRRG��&'����������7KHVH

GDWD�GR�QRW�SURYLGH��KRZHYHU��D�FRQVLVWHQW�UHODWLRQVKLS�EHWZHHQ�GLIIHUHQW�OHYHOV�RU�SDWWHUQV�RI

2��H[SRVXUH�DQG�LQVHFW�JURZWK�UHVSRQVH���$GGLWLRQDOO\��WKH�UHSRUWV�RI�2��LQVHFW�SODQW
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LQWHUDFWLRQV�RQO\�UHSUHVHQW�D�VPDOO�IUDFWLRQ�RI�WKH�LQWHUDFWLRQV�WKDW�H[LVW��PDNLQJ�JHQHUDOL]DWLRQ

WR�RWKHU�FRPELQDWLRQV�XQFHUWDLQ�

:LWK�UHVSHFW�WR�WKH�LQWHUDFWLRQ�EHWZHHQ�2��DQG�SODQW�GLVHDVH��QHZ�LQIRUPDWLRQ�VLQFH�WKH

�����&ULWHULD�'RFXPHQW�FKDQJHV�WKH�HDUOLHU�FRQFOXVLRQ�IURP�LW�LV��LPSRVVLEOH�WR�JHQHUDOL]H�DQG

SUHGLFW�HIIHFWV�LQ�SDUWLFXODU�VLWXDWLRQV���8�6��(3$��������WR�WKH�FRQFOXVLRQ�LQ�WKH�&'�WKDW

�SDWKRJHQV�ZKLFK�FDQ�EHQHILW�IURP�LQMXUHG�KRVW�FHOOV�RU�IURP�GLVRUGHUHG�WUDQVSRUW�PHFKDQLVPV

�IDFXOWLYH��DUH�HQKDQFHG�E\�SROOXWLRQ�LQVXOW�WR�WKHLU�KRVWV��ZKHUHDV�WKRVH�WKDW�UHTXLUH�D�KHDOWK\

PDWXUH�KRVW�IRU�VXFFHVVIXO�LQYDVLRQ�DQG�GHYHORSPHQW��REOLJDWH��DUH�GHSUHVVHG�E\�SROOXWDQW

VWUHVV�WR�WKHLU�KRVW����,Q�D�IHZ�VWXGLHV��LQIHFWLRQ�RI�WKH�SODQW�ZLWK�REOLJDWH�EDFWHULD�RU�SDWKRJHQV

RU�QHPDWRGHV�WHQGHG�WR�UHGXFH�WKH�LPSDFW�RI�2����7KH�PDMRULW\�RI�WKHVH�VWXGLHV�KDYH�EHHQ

FRQGXFWHG�LQ�ODERUDWRULHV�RU�JUHHQKRXVHV��ZKLFK�UDLVHV�WKH�TXHVWLRQ�RI�UHOHYDQFH�XQGHU�ILHOG

FRQGLWLRQV���0XFK�PRUH�VWXG\�LV�QHHGHG��DQG�ZLWK�D�ZLGHU�UDQJH�RI�VSHFLHV��WR�TXDQWLI\�WKH

PDJQLWXGH�RI�WKH�LQWHUDFWLYH�HIIHFWV�WR�GLIIHUHQW�OHYHOV�RI�2��H[SRVXUH�

3ROOXWDQW�3ODQW�3ODQW�,QWHUDFWLRQV���:KLOH�YHJHWDWLRQ�OLWHUDWXUH�LV�UHSOHWH�ZLWK

H[SHULPHQWDO�VWXGLHV�DVVRFLDWLQJ�2��H[SRVXUH�ZLWK�REVHUYHG�HIIHFWV�RQ�SODQWV��DQ\�DWWHPSW�WR

H[WUDSRODWH�WKHVH�UHVXOWV�WR�ILHOG�FRQGLWLRQV�PXVW�UHFRJQL]H�WKDW�RWKHU�IDFWRUV�VXFK�DV

FRPSHWLWLRQ�ZLWK�RWKHU�SODQW�VSHFLHV�IRU�OLPLWHG�UHVRXUFHV�VXFK�DV�OLJKW��ZDWHU��QXWULHQWV�DQG

VSDFH�FDQ�HIIHFW�WKH�GHJUHH�RI�LQMXU\�REVHUYHG���6HYHUDO�VWXGLHV�KDYH�UHSRUWHG�WKDW

HQYLURQPHQWDO�DQG�VLWH�FRQGLWLRQV�RIWHQ�H[SODLQ�WKH�SDWWHUQV�RI�2��LQMXU\�IRU�D�JLYHQ�VSHFLHV

PRUH�WKDQ�WKH�DFWXDO�2��FRQFHQWUDWLRQ�OHYHOV���)RU�H[DPSOH��LW�KDV�EHHQ�UHSRUWHG�WKDW�FDQRS\

WUHHV�FDQ�EH�PRUH�DIIHFWHG�WKDQ�XQGHUVWRU\��DQG�WKDW�SRQGHURVD�SLQHV�JURZLQJ�DW�WKH�WRS�RI

ULGJHV�RU�RQ�GU\�VLWHV�H[SHULHQFHG�JUHDWHU�IROLDU�LQMXU\�WKDQ�WKRVH�JURZQ�HOVHZKHUH��6HFRQG

3URJUHVV�5HSRUW�RI�)25(67����������7KRXJK�YHU\�IHZ�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�WR

HYDOXDWH�WKH�HIIHFWV�RI�2��RQ�FRPSHWLWLRQ�EHWZHHQ�VSHFLHV��LW�LV�FOHDU�WKDW�WKH�LPSOLFDWLRQ�RI�WKH

NQRZQ�HIIHFWV�RI�2��GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ�WHQG�WR�LPSDLU�D�SODQW
V�DELOLW\�WR

FRPSHWH�ZLWK�RWKHU�VSHFLHV���)RU�H[DPSOH��D�VKLIW�LQ�DOORFDWLRQ�RI�FDUERK\GUDWHV�DZD\�IURP

URRWV�WR�OHDYHV�DQG�VKRRWV�UHVXOWV�LQ�D�FRPSURPLVHG�URRW�V\VWHP�ZKLFK�OLPLWV�WKH�SODQW V�DELOLW\

WR�H[SORUH�WKH�VRLO�IRU�ZDWHU�DQG�QXWULHQWV��DQG�LQMXU\�DQG�RU�ORVV�RI�OHDYHV�ZRXOG�OLPLW�WKH

SODQW
V�DELOLW\�WR�WDNH�DGYDQWDJH�RI�DYDLODEOH�OLJKW���$�SULPH�H[DPSOH�RI�2��LQGXFHG�VKLIWV�LQ

VSHFLHV�GRPLQDQFH�LV�WKDW�REVHUYHG�LQ�VWXGLHV�RI�WKH�6DQ�%HUQDUGLQR�)RUHVWV��DV�GLVFXVVHG
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EHORZ�LQ�6HFWLRQ�9,,�'�

&RPSHWLWLRQ�PD\�EH�HLWKHU�EHWZHHQ�SODQWV�RI�GLIIHUHQW��LQWHU���RU�WKH�VDPH��LQWUD��

VSHFLHV���7KH�SODQWLQJ�GHQVLWLHV�DQG�URZ�VSDFLQJV�DGRSWHG�IRU�DJULFXOWXUDO�FURSV�UHSUHVHQW

FRPSURPLVHV�EHWZHHQ�PD[LPL]LQJ�WKH�QXPEHU�RI�SODQWV�SHU�XQLW�DUHD�DQG�WKH�DGYHUVH�HIIHFWV�RI

LQWUD�VSHFLHV�FRPSHWLWLRQ���7KRXJK�ZHHGV�DUH�W\SLFDO�LQWHU�VSHFLHV�FRPSHWLWRUV��QR�VWXGLHV

DSSHDU�WR�KDYH�EHHQ�FRQGXFWHG�RQ�WKH�HIIHFWV�RI�2��SROOXWLRQ�RQ�VXFK�FRPSHWLWLRQ���,QWHU�

VSHFLHV�FRPSHWLWLRQ�DOVR�RFFXUV�LQ�PL[HG�SODQWLQJV�VXFK�DV�JUDVV�FORYHU�IRUDJH�DQG�SDVWXUH

SODQWLQJV��DQG�LV�DQ�LPSRUWDQW�IHDWXUH�RI�QDWXUDO�HFRV\VWHPV���$�FRQVLVWHQW�ILQGLQJ�ZLWK�JUDVV�

FORYHU�PL[WXUHV�KDV�EHHQ�D�VLJQLILFDQW�VKLIW�LQ�WKH�PL[WXUH�ELRPDVV�LQ�IDYRU�RI�WKH�JUDVV�VSHFLHV

�&'��������

5HFHQWO\��WKH�GHYHORSPHQW�RI�ILHOG�H[SRVXUH�V\VWHPV�KDYH�SHUPLWWHG�VRPH�VWXGLHV�RI

FURS�VSHFLHV�WR�EH�FRQGXFWHG�LQ�WKH�ILHOG���%HFDXVH�WKH�FURSV�ZHUH�SODQWHG�DW�QRUPDO�SODQWLQJ

GHQVLWLHV��LQWHU�VSHFLHV�FRPSHWLWLRQ�ZDV�LQFRUSRUDWHG�DV�DQ�HQYLURQPHQWDO�IDFWRU���2Q�WKH�RWKHU

KDQG��PRVW�IRUHVW�WUHH�VWXGLHV�KDYH�WHQGHG�WR�EH��DUWLILFLDO��LQ�WKHLU�XVH�RI�LQGLYLGXDO�VHHGOLQJV

RU�VDSOLQJV�RU�VSDFHG�WUHHV��HYHQ�ZKHQ�H[SRVHG�WR�RSHQ�DLU�V\VWHPV��0F/HRG�HW�DO����������

7KH�VLJQLILFDQFH�RI�WKH�HIIHFWV�RI�FRPSHWLWLYH�LQWHUDFWLRQV�RQ�WKH�2��UHVSRQVH�RI�WKH�FRPSHWLQJ

VSHFLHV�LV�ODUJHO\�XQNQRZQ��DQG�OHDGV�WR�FRQVLGHUDEOH�XQFHUWDLQW\�ZKHQ�H[WUDSRODWLQJ�IURP

HIIHFWV�RQ�LQGLYLGXDO�VSHFLHV�WR�PDQDJHG�DQG�QDWXUDO�HFRV\VWHPV�

�� 3K\VLFDO�)DFWRUV

7KH�SK\VLFDO�FRPSRQHQWV�RI�D�SODQW
V�DHULDO�HQYLURQPHQW�DUH�OLJKW��WHPSHUDWXUH�

KXPLGLW\��ZLQG�YHORFLW\�DQG�VXUIDFH�ZHWQHVV��ZKLOH�WKH�SK\VLFDO��HGDSKLF�FRPSRQHQWV�DIIHFWLQJ

WKH�SODQW�URRWV�DUH�WHPSHUDWXUH�DQG�VRLO�PRLVWXUH�DQG�VDOLQLW\���6LQFH�WKH�HIIHFWV�RI�WKH�SK\VLFDO

FOLPDWLF�IDFWRUV�RQ�SODQW�JURZWK�DUH�PDMRU�GHWHUPLQDQWV�RI�WKH�JHRJUDSKLF�GLVWULEXWLRQ�RI�WKH

HDUWK
V�QDWXUDO�YHJHWDWLRQ�DQG�RI�WKH�GLVWULEXWLRQ�RI�DJULFXOWXUDO�ODQGV�DQG�WKH�VXLWDELOLW\�RI�WKH

FURSV�JURZQ�RQ�WKHP��LW�LV�LPSRUWDQW�WR�QRWH�ZKHQ�H[SHULPHQWDO�FRQGLWLRQV�YDU\�IURP�WKRVH

ZKLFK�DUH�QRUPDOO\�IRXQG�LQ�WKH�ILHOG�

/LJKW���,Q�PRVW�VSHFLHV��OLJKW�SOD\V�D�PDMRU�UROH�LQ�WKH�RSHQLQJ�DQG�FORVLQJ�RI�VWRPDWD�

WKXV�GLFWDWLQJ�WR�VRPH�H[WHQW�ZKHQ�2��FDQ�EH�WDNHQ�XS�E\�IROLDJH�IURP�WKH�DPELHQW�DLU��

%HFDXVH�PDQ\�VWXGLHV�DUH�GRQH�XQGHU�UHGXFHG�OLJKW�LQWHQVLWLHV��LW�LV�LPSRUWDQW�WR�QRWH�WKH

JHQHUDO�FRQFOXVLRQ�UHSRUWHG�SUHYLRXVO\��8�6��(3$��������WKDW�VXVFHSWLELOLW\�WR�IROLDU�LQMXU\�LV
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LQFUHDVHG�E\�ORZ�OLJKW�LQWHQVLWLHV�DQG�VKRUW�SKRWRSHULRGV���5HGXFHG�OLJKW�LQWHQVLWLHV�KDYH�EHHQ

PHDVXUHG�LQ�RSHQ�WRS�FKDPEHUV�LQ�WKH�ILHOG��UHVXOWLQJ�IURP�WKH�EXLOG�XS�RI�GXVW�RQ�WKH�ZDOOV��

+RZHYHU��+HDJOH�DQG�/HWFKZRUWK��������FRXOG�GHWHFW�QR�VLJQLILFDQW�HIIHFWV�RQ�VR\EHDQ�JURZWK

DQG�\LHOG�LQ�D�FRPSDULVRQ�RI�SODQWV�JURZQ�LQ�XQVKDGHG�RSHQ�WRS�FKDPEHUV�DQG�FKDPEHUV�WR

ZKLFK�VKDGLQJ�FORWK�ZDV�DSSOLHG�

7HPSHUDWXUH���$Q�LPSRUWDQW�2��WHPSHUDWXUH�LQWHUDFWLRQ�DIIHFWLQJ�WUHHV�DQG�RWKHU�ZRRG\

SHUHQQLDOV�LV�ZLQWHU�KDUGLQHVV���6HYHUDO�VWXGLHV�KDYH�VKRZQ�WKDW�H[SRVXUHV�WR�2��DW�UHDOLVWLF

OHYHOV�PD\�UHGXFH�WKH�FROG��RU�IURVW�KDUGLQHVV�RI�SODQWV��DV�UHYLHZHG�E\�'DYLVRQ�HW�DO����������

,W�LV�WKH�WHPSHUDWXUH�ZLWKLQ�WKH�SODQW�WLVVXHV�WKDW�LV�LPSRUWDQW��EHFDXVH�LW�DIIHFWV�DOPRVW�DOO

SK\VLFDO�DQG�FKHPLFDO�SURFHVVHV�ZLWKLQ�WKH�SODQW���+RZHYHU��LQ�DGGLWLRQ�WR�DLU�WHPSHUDWXUH��WKH

WHPSHUDWXUH�RI�WKH�OHDI�LV�GHWHUPLQHG�E\�WKH�DEVRUSWLRQ�RI�LQIUD�UHG�UDGLDWLRQ�DQG�WKH�ORVV�RI

ZDWHU�YDSRU�WKURXJK�WUDQVSLUDWLRQ���)XUWKHU��WHPSHUDWXUH�ZLWKLQ�WKH�OHDI�KDV�EHHQ�VKRZQ�WR�ULVH

ZLWK�WKH�FORVLQJ�RI�VWRPDWD��0DWVXVKLPD�HW�DO���������7HPSOH�DQG�%HQRLW����������7KHUHIRUH�

VLQFH�YDSRU�SUHVVXUH�GHILFLW�DQG�GHJUHH�RI�VWRPDWDO�FORVXUH�FRQWURO�WKH�UDWH�RI

HYDSRWUDQVSLUDWLRQ��WKH�HIIHFWV�RI�WHPSHUDWXUH�DUH�XQDYRLGDEO\�FRQIRXQGHG�ZLWK�WKHVH�RWKHU

IDFWRUV�

:DWHU�8VDJH�DQG�$YDLODELOLW\���:DWHU�LV�HVVHQWLDO�WR�SODQW�VXUYLYDO��JURZWK�DQG

UHSURGXFWLRQ����%HFDXVH�GLIIHUHQW�UHJLRQV�RI�WKH�FRXQWU\�KDYH�GLIIHUHQW�ZDWHU�UHJLPHV��SODQWV

JURZLQJ�LQ�HDFK�RI�WKHVH�UHJLRQV�DUH�WKRVH�DGDSWHG�WR�WKH�IOXFWXDWLQJ�ZDWHU�VXSSOLHV�IURP

VHDVRQ�WR�VHDVRQ���7KHVH�GLIIHUHQFHV�DPRQJ�VSHFLHV�PDNH�LW�GLIILFXOW�WR�GUDZ�ILUP�FRQFOXVLRQV

DERXW�WKH�QDWXUH�RI�WKH�UHODWLRQVKLS�EHWZHHQ�VRLO�PRLVWXUH�GHILFLW��60'��DQG�2��HIIHFWV���)RU

H[DPSOH��%\WQHURZLF]�HW�DO���������IRXQG�QR�LQWHUDFWLRQ�EHWZHHQ�60'�DQG�2��HIIHFWV�LQ���

GHVHUW�DQQXDO�VSHFLHV���2Q�WKH�RWKHU�KDQG��LQ�WKH�PRUH�PHVLF�HQYLURQPHQW�RI�WKH�PLG�2KLR

5LYHU�9DOOH\��D�ILHOG�VXUYH\�RI�PLONZHHG�UHYHDOHG�PXFK�OHVV�IROLDU�LQMXU\�DWWULEXWDEOH�WR�2��LQ

������D�GU\�\HDU���HYHQ�ZLWK�2��FRQFHQWUDWLRQV�UHDFKLQJ�����SSP��WKDQ�LQ�������D�\HDU�ZLWK

DPSOH�SUHFLSLWDWLRQ���DQG�D�PD[LPXP�2��FRQFHQWUDWLRQ�RI�RQO\������SSP��6KRZPDQ���������

7KRXJK��LQ�WKH�ODWWHU�FDVH��60'�VHHPHG�WR�FRQIHU�VRPH�GHJUHH�RI�2��UHVLVWDQFH��WKLV�FDQQRW�EH

H[WUDSRODWHG�WR�RWKHU�VSHFLHV�ZKLFK�KDYH�QRW�EHHQ�VWXGLHG���)XUWKHU��WKH�UHODWLRQVKLS�EHWZHHQ

60'�DQG�2��PD\�DOVR�FKDQJH�WKURXJKRXW�WKH�OLIH�RI�D�SODQW�RU�JURZLQJ�VHDVRQ��DV�D�SODQW
V

VHQVLWLYLW\�WR�ZDWHU�VWUHVV�YDULHV�ZLWK�VWDJH�RI�SODQW�GHYHORSPHQW��0RVHU�HW�DO���������



���

5HFRJQL]LQJ�WKH�SRVVLELOLW\�RI�DQ�LQWHUDFWLRQ�RI�GURXJKW�ZLWK�2��RQ�WKH�\LHOG�RI

DJULFXOWXUDO�FURSV��WKH�1DWLRQDO�&URS�/RVV�$VVHVVPHQW�1HWZRUN��1&/$1��VWXGLHV�FRQGXFWHG

VHYHUDO�H[SHULPHQWV�WR�H[DPLQH�WKLV�UHODWLRQVKLS���2XW�RI�HOHYHQ�VWXGLHV��VL[�VR\EHDQ��WKUHH

FRWWRQ��DQG�RQH�HDFK�RI�DOIDOID�DQG�FORYHU�IHVFXH���RQO\�KDOI��WKUHH�VR\EHDQ��WZR�FRWWRQ��DQG

WKH�DOIDOID��VKRZHG�VLJQLILFDQW�LQWHUDFWLRQV�EHWZHHQ�60'�DQG�2����,Q�VRPH�FDVHV��WKH�ODFN�RI�D

VLJQLILFDQW�UHVSRQVH�WR�2��UHIOHFWV�D�GHFUHDVHG�UDQJH�RI�\LHOG�UHVSRQVH�XQGHU�60'�ZLWKLQ

ZKLFK�DQ�2��HIIHFW�FRXOG�EH�DVFHUWDLQHG���8QIRUWXQDWHO\��EHFDXVH�GLIIHUHQW�PHDVXUHV�RI�60'�RU

60'�LQGXFHG�VWUHVV�ZHUH�XVHG�LQ�GLIIHUHQW�VWXGLHV��LW�LV�QRW�SRVVLEOH�WR�TXDQWLI\�WKH

UHODWLRQVKLS�EHWZHHQ�WKH�VXSSUHVVLRQ�RI�WKH�2��UHVSRQVH�DQG�WKH�OHYHO�RI�GURXJKW�VWUHVV��

$GGLWLRQDOO\��VRLO�FRQGLWLRQV�DQG�WKH�GHSWK�RI�WKH�ZDWHU�WDEOH�DW�GLIIHUHQW�VLWHV�DSSHDU�WR

LQIOXHQFH�WKH�2��UHVSRQVH�DV�ZHOO��+HJJHVWDG�HW�DO���������

7UHHV�KDYH�EHHQ�WKH�VXEMHFW�RI�VHYHUDO�UHFHQW�VWXGLHV�RQ�WKH�LQWHUDFWLRQ�EHWZHHQ�60'

DQG�2����7KRXJK�WKHUH�LV�QR�FRQVLVWHQF\�DPRQJ�WKH�VWXGLHV�LQ�WKH�WUHDWPHQWV�XVHG�RU�WKH

PHDVXUHPHQWV�PDGH��WKHVH�VWXGLHV�GR�SURYLGH�VRPH�VXSSRUW�IRU�WKH�YLHZ�WKDW�GURXJKW�VWUHVV

PD\�UHGXFH�WKH�LPSDFW�RI�2����)RU�H[DPSOH��EHHFK��SRSODU��DQG�OREOROO\�SLQH�VHHGOLQJV�KDYH

FOHDUO\�GHPRQVWUDWHG�VLJQLILFDQW�LQWHUDFWLRQV���7KH�&'�UHSRUWV�WKDW�GURXJKW�KDV�UHGXFHG�2��

LQGXFHG�IROLDU�LQMXU\�WR�SRSODU��SRQGHURVD�SLQH��DQG�OREOROO\�SLQH���7KLV�ZRUN�ZLWK�WUHHV�

KRZHYHU��LV�QRW�\HW�DW�WKH�SRLQW�WR�DOORZ�TXDQWLILFDWLRQ�RI�WKH�2��GURXJKW�LQWHUDFWLRQ�

7KH�EXON�RI�WKH�HYLGHQFH�VXSSRUWV�WKH�YLHZ�WKDW�GURXJKW�VWUHVV�PD\�UHGXFH�WKH�LPSDFW�RI

2��RQ�SODQWV���+RZHYHU��LW�PXVW�EH�HPSKDVL]HG�WKDW��LQ�WHUPV�RI�JURZWK�DQG�SURGXFWLYLW\��DQ\

�SURWHFWLYH��EHQHILW�ZLOO�EH�RIIVHW�E\�WKH�HIIHFWV�RI�60'�SHU�VH��DV�QRWHG�LQ�WKH�SUHYLRXV

FULWHULD�GRFXPHQW��8�6��(3$��������
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7KH�2��ZDWHU�LQWHUDFWLRQ�LV�QRW�FRQILQHG�WR�WKH�HIIHFWV�RI�60'�RQ�GLUHFW�SODQW�UHVSRQVH

WR�2����6RPH�VWXGLHV�KDYH�VKRZQ�WKDW�2��PD\�DIIHFW�YDULRXV�RWKHU�DVSHFWV�RI�SODQW�ZDWHU�VWDWXV�

LQFOXGLQJ�ZDWHU�XVH�HIILFLHQF\��:8(����+RZHYHU��:8(�LV�D�FRPSOH[�UHVXOWDQW�RI�ERWK

VWRPDWDO�FRQGXFWDQFH�DQG�WKH�DFWLYLW\�RI�WKH�SKRWRV\QWKHWLF�V\VWHP��ERWK�RI�ZKLFK�PD\�EH

LQGHSHQGHQWO\�DIIHFWHG�E\�2����2QO\�RQH�VWXG\�KDV�EHHQ�SHUIRUPHG�RQ�WUHHV��DQG�WKLV�ZDV�GRQH

DW�KLJK�2��FRQFHQWUDWLRQV��-RKQVRQ�DQG�7D\ORU����������7KRXJK�WKH�IROLDJH�RI�OREOROO\�SLQH

VHHGOLQJV�DW�WKHVH�KLJKHU�OHYHOV�DGDSWHG�WR�D�PRUH�HIILFLHQW�XVH�RI�ZDWHU��PRUH�VWXG\�ZLOO�EH

QHHGHG�EHIRUH�LW�ZLOO�EH�SRVVLEOH�WR�JHQHUDOL]H�DERXW�WKH�LPSOLFDWLRQV�RI�WKLV�HIIHFW�DQG�LWV

LPSRUWDQFH�IRU�PDWXUH�WUHHV�DQG�IRUHVW�HFRV\VWHPV�

)LQDOO\��WKH�UHODWLYH�KXPLGLW\��5+��RI�WKH�DPELHQW�DLU�FDQ�VLJQLILFDQWO\�LQIOXHQFH�2�

XSWDNH���,Q�RQH�VWXG\�XVLQJ�SLQWR�EHDQV��2��XSWDNH�LQFUHDVHG�IRXUIROG�DW�DQ�2��FRQFHQWUDWLRQ�RI

������SSP�ZKHQ�WKH�UHODWLYH�KXPLGLW\�ZDV�LQFUHDVHG�IURP�����WR������0F/DXJKOLQ�DQG

7D\ORU����������+RZHYHU��VWRPDWDO�UHVSRQVHV�WR�2��VKRZ�FRQVLGHUDEOH�YDULDELOLW\�DPRQJ

VSHFLHV�DQG�HYHQ�DPRQJ�FXOWLYDUV�RI�WKH�VDPH�VSHFLHV��(ONLH\��HW�DO�����������7KH�LQIOXHQFH�RI

5+�RQ�SODQW�VHQVLWLYLW\�PD\�H[SODLQ�LPSRUWDQW�YDULDWLRQV�LQ�SODQW�UHVSRQVH�XQGHU�ILHOG

FRQGLWLRQV��8�6��(3$��������

�� &KHPLFDO�)DFWRUV

1XWULWLRQDO�)DFWRUV���3ODQWV�UHTXLUH�D�VXSSO\�RI�PLQHUDO�QXWULHQWV�VXFK�DV�QLWURJHQ�

SRWDVVLXP��SKRVSKRUXV��VXOIXU��PDJQHVLXP�DQG�FDOFLXP�IRU�JURZWK���)RU�RSWLPDO�JURZWK��WKHVH

VXSSOLHV�PXVW�EH�EDODQFHG���$�QXPEHU�RI�VWXGLHV�KDYH�H[DPLQHG�WKH�UHODWLRQVKLS�EHWZHHQ

QXWULHQW�VWDWXV�DQG�SODQW�UHVSRQVH�WR�2��H[SRVXUH���+HDJOH��������IRXQG�WKDW�LQMXU\�DQG�JURZWK

UHGXFWLRQV�WHQGHG�WR�EH�JUHDWHVW�DW�QRUPDO�OHYHOV�RI�IHUWLOLW\��WKRXJK�WKH�HIIHFWV�DOVR�ZHUH

GHSHQGHQW�RQ�WKH�URRWLQJ�PHGLXP�XVHG���,W�KDV�DOVR�EHHQ�UHSRUWHG�WKDW�LQFUHDVHG�OHYHOV�RI

SKRVSKRUXV��SRWDVVLXP��DQG�VXOIXU�KDYH�UHVXOWHG�LQ�D�GHFUHDVH�LQ�VHQVLWLYLW\�WR�2���&'���������

2Q�WKH�RWKHU�KDQG��ZLWK�UHVSHFW�WR�QLWURJHQ��WKH�DUHD�ZKHUH�WKH�PRVW�RI�WKH�QXWULWLRQDO�UHVHDUFK

KDV�EHHQ�GRQH���WKH�UHVXOWV�KDYH�EHHQ�PL[HG�



���

,W�KDV�EHHQ�VXJJHVWHG�WKDW�WKH�UHODWLRQVKLS�EHWZHHQ�2��VHQVLWLYLW\�DQG�QXWULHQW�FRQGLWLRQ

FRXOG�EH�EHWWHU�FKDUDFWHUL]HG�LI�VWXGLHV�EHJDQ�ZLWK�D�NQRZOHGJH�RI�DFWXDO�SODQW�WLVVXH�QXWULHQW

OHYHOV�DW�WKH�WLPH�RI�H[SRVXUH�WR�2����&RZOLQJ�DQG�.R]LRO��������LQGLFDWH�WKDW�GLIIHUHQFHV�LQ

VHQVLWLYLW\�DUH�XOWLPDWHO\�OLQNHG�WR�FKDQJHV�LQ�WKH�VWDWXV�RI�VROXEOH�FDUERK\GUDWHV�LQ�WKH�SODQW

WLVVXHV�

6LQFH�WKHVH�QXWULWLRQDO�VWXGLHV�XVHG�GLIIHUHQW�FRPELQDWLRQV�RI�QXWULHQWV��VSHFLHV��DQG�

H[SHULPHQWDO�FRQGLWLRQV��WKH�UHVXOWV�FDQQRW�EH�LQWHJUDWHG�WR�GHYHORS�D�JHQHUDO�UHODWLRQVKLS

EHWZHHQ�VRLO�IHUWLOLW\�DQG�VHQVLWLYLW\�WR�2����,Q�YLHZ�RI�WKH�YDVW�QXPEHU�RI�SRVVLEOH�SHUPXWDWLRQV

DQG�FRPELQDWLRQ�RI�QXWULHQW�HOHPHQWV�DQG�WKHLU�OHYHOV�WKDW�PD\�H[HUW�HIIHFWV�RQ�2��UHVSRQVH��D

FRQFHUWHG�HIIRUW�E\�UHVHDUFKHUV�WR�XVH�VWDQGDUGL]HG�SURWRFROV�ZLOO�KDYH�WR�EH�PDGH�LI�WKH

XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKH�UROH�RI�QXWULWLRQDO�VWDWXV�RQ�2��VHQVLWLYLW\�LV�WR�EH�EHWWHU

XQGHUVWRRG�

,QWHUDFWLRQV�ZLWK�2WKHU�3ROOXWDQWV���7KH�FRQFXUUHQW�RU�VHTXHQWLDO�H[SRVXUH�RI�YHJHWDWLRQ

WR�GLIIHUHQW�JDVHRXV�DLU�SROOXWDQWV�KDV�EHHQ�IRXQG�WR�PRGLI\�WKH�PDJQLWXGH�DQG�QDWXUH�RI�WKH

UHVSRQVH�WR�LQGLYLGXDO�SROOXWDQWV��8�6��(3$����������/HIRKQ�DQG�7LQJH\��������DQG�/HIRKQ�HW

DO���������UHYLHZHG�WKH�SDWWHUQV�RI�FR�RFFXUUHQFH�RI�2���62���DQG�12��LQ�XUEDQ��UXUDO��DQG

UHPRWH�VLWHV�LQ�WKH�8�6��IRU�WKH�\HDUV������WR������DQG�IRXQG�WKDW�FR�RFFXUUHQFHV�ZHUH�XVXDOO\

RI�VKRUW�GXUDWLRQ�DQG�RFFXUUHG�LQIUHTXHQWO\���7KH�PRVW�IUHTXHQW�W\SHV�RI�FR�RFFXUUHQFH�ZHUH

HLWKHU�SXUHO\�VHTXHQWLDO�RU�D�FRPELQDWLRQ�RI�VHTXHQWLDO�DQG�RYHUODSSLQJ�H[SRVXUHV�RI�VKRUW

GXUDWLRQ���7KLV�GLVFXVVLRQ�ZLOO�IRFXV�RQO\�RQ�WKRVH�VWXGLHV�ZKLFK�XVH�H[SRVXUH�SDWWHUQV�RU

OHYHOV�WKDW�DUH�W\SLFDO�RI�DPELHQW�DLU�

$Q�H[FHSWLRQ�LV�WKH�FR�RFFXUUHQFH�RI�3$1�DQG�2���ZKLFK�DUH�ERWK�FRQVWLWXHQWV�RI

SKRWRFKHPLFDO�R[LGDQW����7KH�IHZ�VWXGLHV�WKDW�KDYH�EHHQ�GRQH�RQ�WKLV�FRPELQDWLRQ��UHYLHZHG�LQ

WKH������&ULWHULD�'RFXPHQW��8�6��(3$���������VKRZ�WKDW�WKH�WZR�JDVHV�WHQG�WR�DFW

DQWDJRQLVWLFDOO\�LQ�ERWK�FRQFXUUHQW�DQG�VHTXHQWLDO�H[SRVXUHV���$W�WKH�SUHVHQW��QR�VWXGLHV�KDYH

ORRNHG�DW�WKH�LQWHUDFWLRQV�EHWZHHQ�2��DQG�K\GURJHQ�SHUR[LGH��+�2����ZKLFK�LV�DQRWKHU

FRQVWLWXHQW�RI�SKRWRFKHPLFDOO\�SROOXWHG�DWPRVSKHUHV�



���

'HVSLWH�WKH�IDFW�WKDW�WKH�SKRWRFKHPLFDO�IRUPDWLRQ�RI�2��LQYROYHV�D�FRPSOH[�VHULHV�RI

UHDFWLRQV�LQ�ZKLFK�12��12��DQG�+12��SDUWLFLSDWH�DV�LQWHUPHGLDWH�UHDFWLRQ�SURGXFWV��DQG�WKDW

LQ�PDQ\�DUHDV�GDLO\�SHDN�2��OHYHOV�DUH�IROORZHG�E\�LQFUHDVLQJ�12��OHYHOV��RQO\�D�IHZ�VWXGLHV

KDYH�EHHQ�GRQH�WR�H[SORUH�SRVVLEOH�LQWHUDFWLYH�HIIHFWV�ZLWK�2��DQG�DUH�FRQILQHG�WR�WKH�QLWURJHQ

VSHFLHV��12���&'�����������7KHVH�VWXGLHV�KDYH�UHSRUWHG�ERWK�DQWDJRQLVWLF�DQG�V\QHUJLVWLF�RU

DGGLWLYH�LQWHUDFWLRQV�EHWZHHQ�2��DQG�12��HYHQ�ZLWK�WKH�VDPH�VSHFLHV��EXW��ZLWK�VXFK�OLPLWHG

LQIRUPDWLRQ��LW�LV�QRW�SRVVLEOH�WR�JHQHUDOL]H�WKH�UHVSRQVH�DW�WKLV�WLPH�

$�ODUJH�QXPEHU�RI�VWXGLHV�KDYH�H[DPLQHG�WKH�UHODWLRQVKLS�EHWZHHQ�2��DQG�62���&'�

��������7KHVH�VWXGLHV�KDYH�XVHG�D�ZLGH�YDULHW\�RI�VSHFLHV��H[SRVXUH�UHJLPHV��DQG�H[SHULPHQWDO

FRQGLWLRQV���%HFDXVH�RI�WKH�FRQWUDGLFWRU\�QDWXUH�RI�WKH�UHVXOWV�IURP�WKHVH�VWXGLHV��DOO�WKDW�FDQ

EH�FRQFOXGHG�LV�WKDW�WKH�W\SH�RI�LQWHUDFWLRQ��DQG�ZKHWKHU�RU�QRW�RQH�H[LVWV��LV�SUREDEO\�KLJKO\

GHSHQGHQW�XSRQ�VSHFLHV�DQG�FXOWLYDU��DQG�SRVVLEO\�RWKHU�HQYLURQPHQWDO�YDULDEOHV���7KH

DYDLODEOH�HYLGHQFH�LV�LQVXIILFLHQW�WR�EH�DEOH�WR�GHFLGH�LQ�ZKLFK�ZD\�DQG�WR�ZKDW�H[WHQW�62�

H[SRVXUH�ZLOO�LQIOXHQFH�WKH�HIIHFWV�RI�2��RQ�D�SDUWLFXODU�VSHFLHV�RU�FXOWLYDU�DW�D�SDUWLFXODU

ORFDWLRQ�

7KH�UHFRJQLWLRQ�RI�WKH�GDPDJLQJ�HIIHFWV�RI�DFLG�UDLQ�RQ�YDULRXV�WHUUHVWULDO�DQG�DTXDWLF

V\VWHPV�KDV�OHG�WR�QXPHURXV�VWXGLHV�RI�WKH�FRPELQHG�HIIHFWV�RI�2��DQG�VLPXODWHG�DFLG�UDLQ

�6$5��RU�DFLG�IRJ���'XH�WR�FRQFHUQ�RYHU�WKH�SRVVLEOH�UROH�RI�H[SRVXUHV�WR�DFLG�UDLQ�RU�DFLG�IRJ

DQG�2��LQ�WKH�IRUHVW�GHFOLQH�V\QGURPH��VHYHUDO�RI�WKH�PRUH�UHFHQW�VWXGLHV�KDYH�IRFXVHG�RQ

IRUHVW�WUHH�VSHFLHV���2I�RYHU����UHFHQW�UHSRUWV�RI�VWXGLHV�RQ�RYHU����VSHFLHV��PRUH�WKDQ����

LQGLFDWHG�QR�VLJQLILFDQW�LQWHUDFWLRQV�EHWZHHQ�2��DQG�6$5�RU�DFLG�IRJ��&'����������+RZHYHU�

LQ�RWKHU�VWXGLHV��VWDWLVWLFDOO\�VLJQLILFDQW�LQWHUDFWLRQV�KDYH�EHHQ�UHSRUWHG�IRU�VHYHUDO�VSHFLHV���,Q

PRVW�FDVHV�ZKHUH�VLJQLILFDQW�LQWHUDFWLRQV�RQ�JURZWK�RU�SK\VLRORJ\�KDYH�EHHQ�UHSRUWHG��WKH

LQWHUDFWLRQV�ZHUH�PRVWO\�DQWDJRQLVWLF���2YHUDOO��LW�DSSHDUV�WKDW�H[SRVXUH�WR�DFLGLF�SUHFLSLWDWLRQ

LV�XQOLNHO\�WR�UHVXOW�LQ�VLJQLILFDQW�HQKDQFHPHQW�RI�WKH�HIIHFWV�RI�2��LQ�PRVW�VSHFLHV���,Q�WKH�IHZ

FDVHV�RI�DQWDJRQLVWLF�LQWHUDFWLRQV��WKH�VXJJHVWLRQ�ZDV�PDGH�WKDW�WKHVH�PD\�KDYH�UHIOHFWHG�D

EHQHILFLDO�IHUWLOL]HU�HIIHFW�GXH�WR�WKH�QLWUDWH�DQG�VXOIDWH�SUHVHQW�LQ�WKH�6$5�DSSOLHG�

2QO\�D�IHZ�VWXGLHV�KDYH�EHHQ�SXEOLVKHG�RQ�&2��2��LQWHUDFWLRQV���&2��DORQH�KDV�EHHQ

IRXQG�WR�LQFUHDVH�OHDI�DUHD�DQG�VWLPXODWH�SKRWRV\QWKHWLF�UDWHV��ZKLFK�FDQ�KDYH�WKH�VHFRQGDU\

HIIHFWV�RI�LQGXFLQJ�VWRPDWDO�FORVXUH��UHGXFLQJ�WUDQVSLUDWLRQ��DQG�LQFUHDVLQJ�OHDI�WHPSHUDWXUH���
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:KHQ�DSSOLHG�WRJHWKHU��&2��FRXQWHUHG�WKH�QHJDWLYH�HIIHFWV�RI�2��RQ�SKRWRV\QWKHVLV��VKRRW

JURZWK�UDWH��OHDI�DUHD��DQG�ZDWHU�XVH�HIILFLHQF\�IRU�UDGLVK�DQG�VR\EHDQ���%HFDXVH�WKHVH�VWXGLHV

ZHUH�FRQGXFWHG�LQ�JURZWK�FKDPEHUV�RU�RSHQ�WRS�ILHOG�FKDPEHUV��XQFHUWDLQWLHV�GXH�WR�YDULDEOH

HQYLURQPHQWDO�FRQGLWLRQV�ZRXOG�EH�LQWURGXFHG�ZKHQ�DSSO\LQJ�WKHVH�UHVXOWV�WR�WKH�RSHQ�ILHOG���,W

LV�IXUWKHU�XQFOHDU�ZKHWKHU�VXFK�&2��LQGXFHG�UHGXFWLRQV�RI�WKH�LPSDFW�RI�2��DOVR�DSSO\�WR�WKH

ORQJ�WHUP�JURZWK�RI�WUHHV��DQG�KRZ�LQFUHDVHG�&2��ZLOO�DIIHFW�WKH�LPSDFW�RI�2��RQ�HFRV\VWHPV�

$�OLPLWHG�GDWDEDVH�H[LVWV�IRU�VWXGLHV�LQYROYLQJ�PL[WXUHV�RI�2��ZLWK�WZR�RU�PRUH

SROOXWDQWV���'XH�WR�WKH�VPDOO�QXPEHU�RI�VWXGLHV��LW�LV�GLIILFXOW�WR�GUDZ�DQ\�ILUP�FRQFOXVLRQV���,Q

JHQHUDO��WKH�FRQVHTXHQFHV�RI�VXFK�H[SRVXUHV�DSSHDU�WR�EH�ODUJHO\�GLFWDWHG�E\�WKH�GRPLQDQW

LQGLYLGXDO�WZR�ZD\�LQWHUDFWLRQ��&'��������

$JULFXOWXUDO�&KHPLFDOV���6HYHUDO�FDWHJRULHV�RI�FRPSRXQGV��FRPPHUFLDO�IXQJLFLGHV�

KHUELFLGHV�DQG�JURZWK�UHJXODWRUV��WKDW�DUH�URXWLQHO\�DSSOLHG�WR�DJULFXOWXUDO�SODQWV�KDYH�EHHQ

IRXQG�LQ�VRPH�FDVHV�WR�SURWHFW�DJDLQVW�2��LQMXU\���7KRXJK�QR�FRPSUHKHQVLYH�DQG�V\VWHPDWLF

VWXGLHV�KDYH�EHHQ�UHSRUWHG��WKH�H[LVWLQJ�GDWD�LQGLFDWH�WKDW�FHUWDLQ�IXQJLFLGHV�DUH�FRQVLVWHQW�LQ

SURYLGLQJ�SURWHFWLRQ��&'����������0RVW�RI�WKH�HIIHFWLYH�IXQJLFLGHV�KDYH�EHHQ�FDUEDPDWHV�DQG

KDYH�DOVR�EHHQ�XVHG�DV�DQWLR[LGDQWV�LQ�RWKHU�DSSOLFDWLRQV�VXFK�DV�UXEEHU�IRUPXODWLRQV���2WKHU

FRPSRXQGV�XVHG�DV�JURZWK�UHJXODWRUV�DQG�KHUELFLGHV�KDYH�DOVR�EHHQ�UHSRUWHG�WR�SURWHFW�VRPH

SODQWV�DJDLQVW�2��LQMXU\���+RZHYHU��WKHVH�UHVXOWV�DSSHDU�WR�EH�VSHFLHV��RU�FXOWLYDU�GHSHQGHQW

�&'�����������2WKHU�WKDQ�QRWLQJ�WKH�JHQHUDO�HIILFDF\�RI�WKH�FDUEDPDWH�IXQJLFLGHV��NQRZOHGJH�RI

WKH�LQWHUDFWLRQV�RI�WKHVH�GLIIHUHQW�W\SHV�RI�DJULFXOWXUDO�FKHPLFDOV�ZLWK�2��LV�VWLOO�WRR

IUDJPHQWDU\�WR�EH�DEOH�WR�GUDZ�DQ\�JHQHUDO�FRQFOXVLRQV���7KXV��LW�LV�FRQVLGHUHG�SUHPDWXUH�WR

UHFRPPHQG�WKHLU�XVH�VSHFLILFDOO\�IRU�SURWHFWLQJ�FURSV�IURP�WKH�DGYHUVH�HIIHFWV�RI�2���UDWKHU

WKDQ�IRU�WKHLU�SULPDU\�SXUSRVH��&'��������

'� 2]RQH�(IIHFWV�RQ�&URSV�DQG�2WKHU�9HJHWDWLRQ

7KLV�VHFWLRQ�SUHVHQWV�LQIRUPDWLRQ�RQ�YHJHWDWLRQ�HIIHFWV�DVVRFLDWHG�ZLWK�H[SRVXUHV�WR�2��

�(IIHFWV�GLVFXVVHG�LQFOXGH�����YLVLEOH�IROLDU�LQMXU\�����JURZWK�UHGXFWLRQV�DQG�\LHOG�ORVV�LQ

DQQXDO�FURSV�DQG�RWKHU�VSHFLHV�����JURZWK�UHGXFWLRQV�LQ�WUHH�VHHGOLQJV�DQG�PDWXUH�WUHHV��DQG���

HIIHFWV�WKDW�FDQ�KDYH�LPSDFWV�DW�WKH�IRUHVW�DQG�HFRV\VWHP�OHYHOV���7KH�VHFWLRQ�KLJKOLJKWV�UHVXOWV

IURP�REVHUYDWLRQDO�DQG�FRQWUROOHG�VWXGLHV��WRJHWKHU�ZLWK�WKH�OLPLWDWLRQV�DQG�XQFHUWDLQWLHV

DVVRFLDWHG�ZLWK�WKH�VWXGLHV�



���

7KH�UHVXOWV�SUHVHQWHG�LQ�WKLV�VHFWLRQ�DUH�LQ�WHUPV�RI�D�QXPEHU�RI�GLIIHUHQW�DLU�TXDOLW\

LQGH[�IRUPV���7DEOH�9,,����ZKLFK�SUHVHQWV�WKH����\HDU�VXPPDU\�RI�\HDUO\�DYHUDJH�DLU�TXDOLW\

PRQLWRUHG�DW�8�6��VLWHV�IRU�WKH�\HDUV������WR������IRU�WKUHH�VHOHFWHG�IRUPV��LV�LQFOXGHG�KHUH



���

,QVHUW�7DEOH�9,,��



���

WR�SURYLGH�D�FRQWH[W�LQ�ZKLFK�WR�FRQVLGHU�WKH�UHSRUWHG�YHJHWDWLRQ�HIIHFWV���7KHVH�IRUPV�LQFOXGH

WKH�0���VHYHQ�KRXU�VHDVRQDO�PHDQ���WKH�680����DOO�KRXUO\�2��FRQFHQWUDWLRQV�HTXDO�WR�RU

DERYH������SSP�VXPPHG�RYHU���PRQWKV���DQG�DQ�H[DPSOH�RI�D�VLJPRLGDO�IRUP��6,*02,'���DOO

KRXUO\�FRQFHQWUDWLRQV�ZHLJKWHG�E\�D�VSHFLILF�VLJPRLGDO�ZHLJKWLQJ�IXQFWLRQ�DQG�VXPPHG�RYHU��

PRQWKV����$QRWKHU�VLJPRLGDO�IRUP�XVHG�LQ�WKLV�FKDSWHU��:�����KDV�DQ�LQIOHFWLRQ�SRLQW�DW������

SSP�DQG�JLYHV�HTXDO�ZHLJKW�WR�YDOXHV�DERYH������SSP�

�� 9LVLEOH�)ROLDU�,QMXU\

9LVLEOH�IROLDU�LQMXU\�FDQ�EH�DQ�HIIHFW�RI�FRQFHUQ�HLWKHU�ZKHQ�LW�GLUHFWO\�UHSUHVHQWV�ORVV�LQ

WKH�LQWHQGHG�XVH�RI�WKH�SODQW��UDQJLQJ�IURP�UHGXFHG�\LHOG�DQG�PDUNHWDELOLW\�WR�LPSDLUPHQW�RI

WKH�DHVWKHWLF�YDOXH�RI�LQGLYLGXDO�SODQWV�RU�QDWXUDO�ODQGVFDSHV��RU�ZKHQ�LW�VHUYHV�DV�DQ�LQGLFDWRU

RI�WKH�SUHVHQFH�RI�FRQFHQWUDWLRQV�RI�2��LQ�WKH�DPELHQW�DLU�ZKLFK�DUH�DVVRFLDWHG�ZLWK�PRUH

VHULRXV�HIIHFWV���%HFDXVH�YLVLEOH�IROLDU�LQMXU\�ZDV�WKH�ILUVW�HIIHFW�RI�2��WR�EH�REVHUYHG��WKH

GDWDEDVH�DVVRFLDWHG�ZLWK�LW�LV�ODUJH�DQG�FRYHUV�D�ZLGH�YDULHW\�RI�VSHFLHV���+RZHYHU��PXFK�RI

WKLV�GDWDEDVH�LV�LQFRPSOHWH�LQ�WHUPV�RI�FKDUDFWHUL]LQJ�WKH�2��FRQFHQWUDWLRQV�DQG�H[SRVXUH

UHJLPHV�WKDW�ZHUH�H[SHULHQFHG�E\�SODQWV�LQ�WKH�ILHOG��RU�ZDV�SURGXFHG�XQGHU�XQUHDOLVWLFDOO\

KLJK�RU�ORZ�2��H[SRVXUH�OHYHOV�LQ�DUWLILFLDO�JURZLQJ�FRQGLWLRQV���6WXGLHV�FRQGXFWHG�PRUH

UHFHQWO\�KDYH�EHJXQ�WR�UHPHG\�WKRVH�OLPLWDWLRQV�

5HGXFHG�<LHOG�RU�0DUNHWDELOLW\���/RVV�RI�XVH�PD\�RFFXU�ZKHQ�FKDQJHV�LQ�TXDOLW\

DQG�RU�SK\VLFDO�DSSHDUDQFH�UHVXOW�LQ�UHGXFHG�\LHOG�RU�PDUNHWDELOLW\�RI�OHDI\�FURSV��H�J��

VSLQDFK��OHWWXFH��FDEEDJH��DQG�RUQDPHQWDO�SODQWV���8QIRUWXQDWHO\��OLWWOH�UHVHDUFK�KDV�EHHQ�GRQH

WR�GHVFULEH�WKH�UHODWLRQVKLS�EHWZHHQ�2��FRQFHQWUDWLRQV�DQG�FKDQJHV�LQ�YLVLEOH�UHVSRQVHV�RQ

OHDI\�FURSV�DQG�RUQDPHQWDOV���+HFN�HW�DO�������E��VXPPDUL]H�2��HIIHFWV�RQ�D�YDULHW\�RI

YHJHWDEOHV���)RXU�YDULHWLHV�RI�VSLQDFK�DUH�VKRZQ�WR�LQFXU�����\LHOG�ORVV�DQG�����\LHOG�ORVV

RYHU�WKH�UDQJHV�RI�������WR�������SSP�DQG������WR�������SSP����K�VHDVRQDO�PHDQV��

UHVSHFWLYHO\��8�6��(3$����������$GGLWLRQDOO\��(PSLUH�OHWWXFH�ZDV�UHSRUWHG�WR�H[SHULHQFH�D

����DQG�����\LHOG�ORVV�DW�WKH���KU�VHDVRQDO�PHDQ�FRQFHQWUDWLRQV�RI�������SSP�DQG������

SSP��UHVSHFWLYHO\���7HPSOH�HW�DO���������UHSRUWHG�D�����UHGXFWLRQ�LQ�OHWWXFH�KHDG�ZHLJKW�DW

������SSP����K�PHDQ�RYHU����GD\V���ZKLOH�2OV]\N�HW�DO���������IRXQG�QR�HIIHFWV�DW�D���ZHHN

PHDQ�RI�������SSP���(DUOLHU�VWXGLHV��FLWHG�LQ�WKH������&'��UHSRUWHG�WKDW�WR�SUHYHQW�YLVLEOH

IROLDU�V\PSWRPV�IRU�FURSV��FRQFHQWUDWLRQV�LQ�WKH�UDQJH�RI������WR������SSP�IRU�D�GXUDWLRQ�RI��



���

KRXU�ZHUH�LGHQWLILHG�DV�D�OLPLWLQJ�YDOXH��ZKLFK�GHFUHDVHG�WR������SSP�WR������SSP�ZKHQ

GXUDWLRQ�ZDV�LQFUHDVHG�WR���KRXUV���)RU�WUHHV��WKH�UDQJHV�RI�FRQFHQWUDWLRQ�ZHUH�VOLJKWO\�KLJKHU�

LQFOXGLQJ������WR������SSP�DW�WKH���KRXU�GXUDWLRQ���7KHVH�OLPLWLQJ�YDOXHV�DUH�VWLOO�FRQVLGHUHG

UHOHYDQW�WRGD\��DOWKRXJK�LW�LV�UHFRJQL]HG�WKDW�WKH�VWXGLHV�DYDLODEOH�DW�WKH�WLPH�RIWHQ�XVHG

H[SHULPHQWDO�SURWRFROV�WKDW�ZHUH�XQUHDOLVWLF�ZLWK�UHVSHFW�WR�WKH�QDWXUDO�JURZLQJ�HQYLURQPHQW�RI

WKH�SODQWV��&'��������

)ROLDU�V\PSWRPV�WKDW�FDQ�GHFUHDVH�WKH�YDOXH�RI�RUQDPHQWDOV�LQFOXGLQJ�WXUI�JUDVVHV�

IORUDO�IROLDJH��DQG�RUQDPHQWDO�WUHHV�DQG�VKUXEV�KDYH�DOVR�EHHQ�UHSRUWHG���)RU�H[DPSOH��ZKHQ

SHWXQLD��JHUDQLXP��DQG�SRLQVHWWLD�ZHUH�H[SRVHG�WR�2��IRU���K�GD\�IRU���GD\V��SHWXQLD�����GD\V

�JHUDQLXP���DQG����GD\V��SRLQVHWWLD���IORZHU�VL]H�ZDV�VLJQLILFDQWO\�UHGXFHG�LQ�DOO�WKUHH�VSHFLHV

DW�D�FRQFHQWUDWLRQ�RI������WR������SSP��DQG�IORZHU�FRORU�ZDV�UHGXFHG�DW�WKH�VDPH�RU�ORZHU

FRQFHQWUDWLRQV����$OO�RI�WKHVH�FKDQJHV�LQ�IORZHU�DSSHDUDQFH�RFFXUUHG�ZLWKRXW�YLVLEOH�LQMXU\�WR

WKH�SODQW�OHDYHV���2]RQH�FRQFHQWUDWLRQV�RI������SSP�IRU�����K�GD\�IRU���GD\V�RU������SSP�IRU��

K�ZHUH�KLJK�HQRXJK�WR�HOLFLW�LQMXU\�LQ�PRVW�WXUI�JUDVVHV��8�6��(3$��������

,PSDLUPHQW�RI�$HVWKHWLF�9DOXH���2Q�D�ODUJHU�VFDOH��IROLDU�LQMXU\�FXUUHQWO\�RFFXUULQJ�RQ

QDWLYH�YHJHWDWLRQ�LQ�QDWLRQDO�SDUNV��IRUHVWV��DQG�ZLOGHUQHVV�DUHDV�LQ�VRPH�FDVHV�PD\�EH

GHJUDGLQJ�WKH�DHVWKHWLF�TXDOLW\�RI�WKH�QDWXUDO�ODQGVFDSH��D�UHVRXUFH�LPSRUWDQW�WR�SXEOLF�ZHOIDUH�

�7KH�ILUVW�FRQFHUWHG�HIIRUW�WR�UHODWH�WRWDO�R[LGDQW�FRQFHQWUDWLRQV�LQ�QDWLRQDO�IRUHVWV�WR�LQMXU\�LQ

ZKLWH�SLQH�EHJDQ�LQ��������,QMXU\�ZDV�REVHUYHG�LQ�WKH�-HIIHUVRQ�DQG�*HRUJH�:DVKLQJWRQ

1DWLRQDO�)RUHVWV�DQG�WKURXJKRXW�WKH�%OXH�5LGJH�0RXQWDLQV��LQFOXGLQJ�DUHDV�RI�WKH�6KHQDQGRDK

1DWLRQDO�3DUN��+D\HV�DQG�6NHOO\��������6NHOO\�HW�DO�����������7D\ORU�DQG�1RUE\��������UHSRUW

WKDW�WKHUH�ZHUH�DQ�DYHUDJH�RI�ILYH�HSLVRGHV��L�H���DQ\�GD\�ZLWK�D���K�FRQFHQWUDWLRQ�!�����

SSP��GXULQJ�WKH�JURZLQJ�VHDVRQ�LQ�WKLV�DUHD��ZLWK�HSLVRGHV�ODVWLQJ�IURP���WR���FRQVHFXWLYH

GD\V�

,Q�WKH�*UHDW�6PRN\�0RXQWDLQV�1DWLRQDO�3DUN��VXUYH\V�PDGH�LQ�WKH�VXPPHUV�IURP�����

WKURXJK������IRXQG����SODQW�VSHFLHV��LQFOXGLQJ�KHUEDFHRXV�DQG�ZRRG\�SODQWV��H[KLELWHG�IROLDU

LQMXU\�V\PSWRPV�FRQVLVWHQW�ZLWK�WKRVH�WKRXJKW�WR�EH�FDXVHG�E\�2���1HXIHOG��HW�DO�����������$W

WKH�VDPH�WLPH��2��PRQLWRULQJ�GDWD�LQGLFDWHG�WKDW�WKHUH�ZHUH�ERWK�HOHYDWHG�FRQFHQWUDWLRQV�DQG

SURORQJHG�H[SRVXUHV�WR�2���HVSHFLDOO\�DW�WKH�KLJKHU�HOHYDWLRQ�VLWHV�ZKLFK�FRXOG�H[SHULHQFH�DV

PXFK�DV���WLPHV�WKH�OHYHOV�H[SHULHQFHG�DW�ORZHU�HOHYDWLRQ�VLWHV���,Q�RUGHU�WR�YHULI\�WKDW�2�



���

SURGXFHG�WKHVH�V\PSWRPV�����VSHFLHV�WKDW�KDG�VKRZQ�IROLDU�LQMXU\�V\PSWRPV�LQ�WKH�ILHOG�ZHUH

IXPLJDWHG�ZLWK�2��LQ�RSHQ�WRS�FKDPEHUV���7ZHQW\�ILYH�RI�WKH����VKRZHG�IROLDU�LQMXU\

V\PSWRPV�OLNH�WKRVH�IRXQG�LQ�WKH�ILHOG�LQ�UHVSRQVH�WR�2���1HXIHOG��HW�DO��������

,Q�D�VLPLODU�VXUYH\��&KDSSHOND�HW�DO���������H[DPLQHG�EODFN�FKHUU\��\HOORZ�SRSODU�

VDVVDIUDV��DQG�ZKLWH�DVK�LQ�WKH�6KHQDQGRDK�DQG�*UHDW�6PRN\�0RXQWDLQV�1DWLRQDO�3DUNV���%ODFN

FKHUU\�H[KLELWHG�IROLDU�LQMXU\�V\PSWRPV�LQ�ERWK�SDUNV��ZLWK�WKH�SHUFHQWDJH�RI�OHDYHV�LQMXUHG�LQ

�����UDQJLQJ�IURP����WR�����DQG�IURP���WR�����LQ�WKH�WZR�SDUNV��UHVSHFWLYHO\����%ODFN�FKHUU\

DOVR�H[KLELWHG�WKH�KLJKHVW�SHUFHQWDJH�RI�V\PSWRPDWLF�WUHHV�������

7KH�ZHVWHUQ�8�6��FRQWDLQV�WKH�ODUJHVW�IRUHVWHG�DUHD�LQ�WKH�ZRUOG�GRFXPHQWHG�WR�KDYH

YLVLEOH�LQMXU\�IURP�KLJK�2��H[SRVXUHV��WKH�6LHUUD�1HYDGD�0RXQWDLQV��DQ�DUHD�DSSUR[LPDWHO\

����PLOHV�ORQJ��3HWHUVRQ�DQG�$UEDXJK����������)ROLDU�2��LQMXU\�WR�SRQGHURVD�DQG�-HIIUH\�SLQH

ZDV�ILUVW�GRFXPHQWHG�WKHUH�LQ�WKH�HDUO\�����
V��0LOOHU�DQG�0LOOHFDQ�����������0RQLWRULQJ�RI

YLVLEOH�LQMXU\�WR�SRQGHURVD�SLQH�RQ�1DWLRQDO�)RUHVW�ODQG�LQ�WKH�ZHVWHUQ�6LHUUD�1HYDGDV�

KRZHYHU��ZDV�QRW�EHJXQ�XQWLO�������'XULVFRH�DQG�6WROWH�����������5HVXOWV�RI�WKH�PRQLWRULQJ�LQ

WKH�6LHUUD�1HYDGD�DQG�6HTXRLD�1DWLRQDO�)RUHVWV�VKRZHG�WKDW�WKHUH�ZDV�DQ�LQFUHDVH�LQ�FKORURWLF

PRWWOH�RI�SLQHV�LQ�WKH�SORWV�IURP�DSSUR[LPDWHO\�����LQ������WR�����LQ�������DQG�DQ�LQFUHDVH

LQ�VHYHULW\�RI�LQMXU\�DV�ZHOO���6HTXRLD�1DWLRQDO�)RUHVW�DQG�WKH�6HTXRLD�.LQJV�&DQ\RQ�1DWLRQDO

3DUN��WKH�VRXWKHUQPRVW�IHGHUDO�DGPLQLVWUDWLYH�XQLWV��KDYH�WKH�KLJKHVW�2��OHYHOV��ZLWK�PHDQ

KRXUO\�DYHUDJHV�UDQJLQJ�IURP�������WR�������SSP��DQG�DQQXDO�KRXUO\�PD[LPD�RI������WR�����

SSP�IRU������

6LQFH�������WKHUH�KDV�EHHQ�DQ�DQQXDO�VXUYH\�RI�WKH�DPRXQW�RI�FURZQ�LQMXU\�E\�2��WR�WKH

VDPH�WUHHV�LQ�DSSUR[LPDWHO\����VDPSOH�SORWV�ORFDWHG�LQ�VHYHUDO�1DWLRQDO�3DUNV�DQG�)RUHVWV�LQ

WKH�6LHUUD�1HYDGD�0RXQWDLQV���'RPLQDQW�WUHH�VSHFLHV�LQ�WKH�DUHD�DUH�SRQGHURVD�DQG�-HIIUH\

SLQH��ZKLWH�ILU��VXJDU�SLQH��LQFHQVH�FHGDU��'RXJODV�ILU��&DOLIRUQLD�EODFN�RDN��DQG�WKH�JLDQW

VHTXRLD��3HWHUVRQ�DQG�$UEDXJK����������%LJ�FRQH�'RXJODV�ILU�LV�XVXDOO\�UDWHG�DV�OHVV�VHQVLWLYH

WKDQ�SRQGHURVD�RU�-HIIUH\�SLQH��KRZHYHU��LQMXU\�V\PSWRPV�UHVXOWLQJ�IURP�HOHYDWHG�2��KDYH

EHHQ�VHHQ��3HWHUVRQ�HW�DO�����������%DVHG�RQ�WKHLU�VWXG\��WKH�DXWKRUV�FRQFOXGH�WKDW�ZKLOH�2�

GRHV�QRW�KDYH�WKH�VDPH�OHYHO�RI�LPSDFW�RQ�WKLV�WUHH�DV�RQ�SRQGHURVD�DQG�-HIIUH\�SLQH��UHGXFHG

QHHGOH�UHWHQWLRQ�DQG�ORZHU�UHFHQW�JURZWK�UDWHV�FRXOG�LQGLFDWH�LQFUHDVHG�2��VWUHVV��RU�2��VWUHVV

PHGLDWHG�E\�FOLPDWH��LQ�ELJ�FRQH�'RXJODV�ILU��&'��������



���

9LVLEOH�,QMXU\�DV�DQ�2]RQH�,QGLFDWRU���7KRXJK�YLVLEOH�IROLDU�LQMXU\�FDQQRW�DW�SUHVHQW

VHUYH�DV�D�VXUURJDWH�PHDVXUH�IRU�RWKHU�2��UHODWHG�YHJHWDWLRQ�HIIHFWV��LW�FDQ�EH�D�XVHIXO�LQGLFDWRU

WKDW�SK\WRWR[LF�FRQFHQWUDWLRQV�RI�2��DUH�SUHVHQW�LQ�WKH�DPELHQW�DLU���,W�FDQ�WKXV�VHUYH�DV�D

ZDUQLQJ�WKDW�RWKHU�2��LPSDFWV�PD\�EH�WDNLQJ�SODFH�RQ�WKH�LQMXUHG�SODQW�RU�RWKHU�QHDUE\

YHJHWDWLRQ���

6HYHUDO�ILHOG�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�ZKLFK�VXFFHVVIXOO\�XVHG�VHQVLWLYH�VSHFLHV�DV

ELRLQGLFDWRUV�RI�2��FRQFHQWUDWLRQ�LQFOXGLQJ�VWXGLHV�RI�PRUQLQJ�JORU\��1RXFKL�DQG�$RNL��������

PLONZHHG��'RXFKHOOH�DQG�6NHOO\���������DQG�SLQWR�EHDQ��2VKLPD����������7KH�YDOXH�RI

GHSOR\LQJ�QHWZRUNV�RI�ELRLQGLFDWRUV�IRU�WKH�HDUO\�GHWHFWLRQ�RI�GHYHORSLQJ�UHJLRQDO�R[LGDQW

SROOXWLRQ�SUREOHPV��LGHQWLILFDWLRQ�RI�WUHQGV�LQ�SROOXWDQW�RFFXUUHQFH��DQG�WKH�VXSSOHPHQWDWLRQ�RI

SK\VLFDO�PRQLWRULQJ�QHWZRUNV�KDV�EHHQ�GHPRQVWUDWHG��/DXUHQFH����������7KLV�XVH�RI�SODQWV�DV

ELRLQGLFDWRUV�LV�DQ�LPSRUWDQW�HOHPHQW�RI�WKH�(QYLURQPHQWDO�0RQLWRULQJ�DQG�$VVHVVPHQW

3URJUDP��(0$3���ZKLFK�VHHNV�WR�LGHQWLI\�DQG�GRFXPHQW�DVVRFLDWLRQV�EHWZHHQ�VHOHFWHG

LQGLFDWRUV�RI�QDWXUDO�DQG�DQWKURSRJHQLF�VWUHVVHV�DQG�WKH�FRQGLWLRQ�RI�HFRORJLFDO�UHVRXUFHV��

7KLV�LQIRUPDWLRQ�FDQ�WKHQ�EH�XVHG�WR�WUDFN�QDWLRQDO�WUHQGV�LQ�SROOXWLRQ�DQG�SURYLGH�VRXQG�GDWD

RQ�ZKLFK�WR�EDVH�HQYLURQPHQWDO�ULVN�PDQDJHPHQW�GHFLVLRQV��8�6��(3$���������

6XUYH\V�KDYH�EHHQ�PDGH�LQ�&ODVV�,�DUHDV�LQ�1HZ�+DPSVKLUH�DQG�9HUPRQW�GXULQJ�WKH

\HDUV������WR�������0DQQLQJ�HW�DO�����������2]RQH�LQMXU\�ZDV�H[WHQVLYH�RQ�YHJHWDWLRQ�JURZLQJ

LQ�RSHQ�WRS�DQG�DPELHQW�DLU�H[SHULPHQWDO�SORWV�LQ�ERWK�VWDWHV�LQ������ZKHQ�2��ZDV�XQXVXDOO\

KLJK���7KH�LQFLGHQFH�DQG�LQWHQVLW\�RI�2��LQMXU\�V\PSWRPV�ZDV�FRQVLGHUDEO\�OHVV�LQ�ERWK�����

DQG�������WKRXJK�VRPH�GHJUHH�RI�V\PSWRPV�ZHUH�HYLGHQW�RQ�DOO�SODQWV���%DVHG�RQ�WKH�VWXGLHV�

LW�ZDV�GHWHUPLQHG�WKDW�EODFN�FKHUU\��PLONZHHG��ZKLWH�DVK��ZKLWH�SLQH�DQG�WZR�VSHFLHV�RI

EODFNEHUU\�ZHUH�DOO�UHOLDEOH�ELRORJLFDO�LQGLFDWRUV�RI�DPELHQW�2��H[SRVXUH��0DQQLQJ�HW�DO��

������



���

&RQFXUUHQWO\��D�UHJLRQDO�LQLWLDWLYH��WKH�)RUHVW�+HDOWK�0RQLWRULQJ�3URJUDP��)+0��

ZKLFK�EHJDQ�LQ������DV�D�FRRSHUDWLYH�SURJUDP�EHWZHHQ�WKH�86'$��(3$��DQG�(0$3�

PRQLWRUV�WKH�FRQGLWLRQ�RI�IRUHVWV�LQ�WKH�1RUWKHDVWHUQ�8QLWHG�6WDWHV���,Q�������ELRLQGLFDWRU

HYDOXDWLRQ�ZDV�FRQGXFWHG�RQ����RI�����IRUHVWHG�SORWV���6HQVLWLYH�SODQW�VSHFLHV�LQ�WKH�1RUWKHDVW

LQFOXGH�EODFNEHUU\��PLONZHHG��EODFN�FKHUU\��ZKLWH�DVK��DQG�ZKLWH�SLQH���2I�WKH����SORWV�����

LQFOXGHG�SODQWV�ZKLFK�VKRZHG�VRPH�YLVLEOH�V\PSWRPV�RI�2��LQMXU\��8�6�'�$���������6XPPDU\

UHSRUW��

�� *URZWK�<LHOG�5HGXFWLRQV�LQ�$QQXDO�&URSV

$V�ZDV�GLVFXVVHG�LQ�VHFWLRQ�9,,�%��2��FDQ�LQWHUIHUH�ZLWK�FDUERQ�JDLQ��SKRWRV\QWKHVLV�

DQG�DOORFDWLRQ�RI�FDUERQ�ZLWK�RU�ZLWKRXW�WKH�SUHVHQFH�RI�YLVLEOH�IROLDU�LQMXU\���$V�D�UHVXOW��WKH

FDUERK\GUDWHV�WKDW�UHPDLQ�PD\�EH�DOORFDWHG�WR�VLWHV�RI�LQMXUHG�WLVVXH�RU�HPSOR\HG�LQ�RWKHU

UHSDLU�RU�FRPSHQVDWRU\�SURFHVVHV��WKXV�UHGXFLQJ�SODQW�JURZWK�DQG�RU�\LHOG���*URZWK�UHGXFWLRQV

LQGLFDWH�WKDW�SODQW�YLJRU�LV�EHLQJ�FRPSURPLVHG�ZKLFK�FDQ�OHDG�WR�\LHOG�UHGXFWLRQV�LQ

FRPPHUFLDO�FURSV�

$JULFXOWXUDO�&URS�6WXGLHV���$QQXDOV�WHQG�WR�EH�IDVW�JURZLQJ��KDYH�QR�QHHG�IRU�ORQJ�

WHUP�VWRUDJH�RI�FDUERK\GUDWHV��DQG��LQ�WKH�FDVH�RI�ZHOO�IHUWLOL]HG�FURSV��KDYH�OHVV�QHHG�IRU

H[WHQVLYH�URRW�GHYHORSPHQW���,QVWHDG��PRVW�UHVRXUFHV�JR�WRZDUG�SURGXFLQJ�VHHGV�IRU�WKH

IROORZLQJ�\HDU��PDNLQJ�IUXLW�RU�VHHG�SURGXFWLRQ�WKH�PRVW�VLJQLILFDQW�RI�WKH�SURFHVVHV�VHQVLWLYH

WR�D�UHGXFWLRQ�LQ�FDUERK\GUDWH�SURGXFWLRQ�RFFXUULQJ�DV�D�UHVXOW�RI�2��H[SRVXUH����&KDQJHV�LQ

VXVFHSWLELOLW\�WR�LQVHFW�GDPDJH�LV�OLNHO\�WR�EH�RI�JUHDWHU�FRQFHUQ�WKDQ�IRU�SHUHQQLDOV�ZKLFK�PD\

KDYH�WKH�FKDQFH�WR�UHFRYHU�WKH�IROORZLQJ�\HDU�

7KH�ODUJHVW�ERG\�RI�UHVHDUFK�WR�GDWH�RQ�WKH�JURZWK�DQG�\LHOG�HIIHFWV�RI�2��RQ�DQQXDOV�LV

WKDW�IRU�DJULFXOWXUDO�FURS�VSHFLHV���7KH�PDMRULW\�RI�WKLV�UHVHDUFK�RFFXUUHG�EHIRUH�������DQG

LQFOXGHV�WKH�1DWLRQDO�&URS�/RVV�$VVHVVPHQW�1HWZRUN��1&/$1��VWXGLHV�ZKLFK�UHPDLQ�WKH

ODUJHVW��PRVW�XQLIRUP�GDWDEDVH�IRU�FURSV�DYDLODEOH�WRGD\���7KH�1&/$1�SURMHFW�ZKLFK�EHJDQ�LQ

�����ZDV�RULJLQDOO\�XQGHUWDNHQ�WR�TXDQWLI\�WKH�UHODWLRQVKLSV�EHWZHHQ�2��H[SRVXUH�DQG�\LHOGV�RI

PDMRU�DJULFXOWXUDO�FURSV���7KH�SURMHFW�ZDV�LQWHQGHG�WR�SURYLGH�GDWD�QHFHVVDU\�IRU�D�FUHGLEOH

HYDOXDWLRQ�RI�WKH�HFRQRPLF�HIIHFWV�RI�DPELHQW�2��RQ�8�6��DJULFXOWXUH��DQG�IRU�LQSXW�LQWR�WKH

UHYLHZ�RI�WKH�2��1$$46��3UHVWRQ�DQG�7LQJH\��������

7KH�1&/$1�SURWRFRO�ZDV�GHVLJQHG�WR�SURGXFH�FURS�H[SRVXUH�UHVSRQVH�GDWD
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UHSUHVHQWDWLYH�RI�WKH�DUHDV�LQ�ZKLFK�WKH�FURSV�ZHUH�W\SLFDOO\�JURZQ���7KH�8QLWHG�6WDWHV�ZDV

GLYLGHG�LQWR���UHJLRQV�RYHU�ZKLFK�D�QHWZRUN�RI�ILHOG�VLWHV�ZDV�HVWDEOLVKHG���,Q�WRWDO�����VSHFLHV

�FRUQ��VR\EHDQ��ZKHDW��KD\��DOIDOID��FORYHU��DQG�IHVFXH���WREDFFR��VRUJKXP��FRWWRQ��EDUOH\�

SHDQXWV��GU\�EHDQV��SRWDWR��OHWWXFH��DQG�WXUQLS���ZHUH�VWXGLHG���7KH�ILUVW����RI�WKHVH����OLVWHG

VSHFLHV��DFFRXQWHG�IRU�JUHDWHU�WKDQ�����RI�86�DJULFXOWXUDO�DFUHDJH�SODQWHG��3UHVWRQ�DQG

7LQJH\����������7KHVH����VSHFLHV��ZKLFK�LQFOXGHG����GLIIHUHQW�FXOWLYDUV��ZHUH�VWXGLHG�XQGHU�D

YDULHW\�RI�XQLTXH�FRPELQDWLRQV�RI�VLWHV��ZDWHU�UHJLPHV��DQG�H[SRVXUH�FRQGLWLRQV��SURGXFLQJ�D

WRWDO�RI����VHSDUDWH�FDVHV���7KHVH�VWXGLHV�ZHUH�D�WUHPHQGRXV�LPSURYHPHQW�RYHU�HDUOLHU�VWXGLHV

EHFDXVH�FURSV�ZHUH�JURZQ����XVLQJ�W\SLFDO�IDUP�SUDFWLFHV�DQG����XVLQJ�RSHQ�WRS�FKDPEHUV�

ZKLFK�SURGXFH�WKH�OHDVW�DPRXQW�RI�HQYLURQPHQWDO�PRGLILFDWLRQ�RI�DQ\�RXWGRRU�FKDPEHU��&'�

��������$QRWKHU�PDMRU�DGYDQWDJH�RI�WKH�1&/$1�DSSURDFK�LV�WKDW�LW�XVHG�D�ZLGH�UDQJH�RI

H[SRVXUH�OHYHOV��H�J���FKDUFRDO�ILOWHUHG��DPELHQW�DQG�PRGLILHG�DPELHQW���DOORZLQJ�IRU�WKH�XVH�RI

UHJUHVVLRQ�DQDO\VHV�WR�GHYHORS�H[SRVXUH�UHVSRQVH�IXQFWLRQV��ZKLFK�FRXOG�EH�XVHG�WR�SUHGLFW

\LHOG�ORVV�DV�D�IXQFWLRQ�RI�2��H[SRVXUH�OHYHOV�DFURVV�WKH�UDQJH�RI�WUHDWPHQW�OHYHOV��FXOWLYDUV�

DQG�JURZLQJ�FRQGLWLRQV�XVHG�LQ�WKH�VWXGLHV�

6RPH�SODQW�VFLHQWLVWV�FRQWLQXH�WR�H[SUHVV�FRQFHUQ�WKDW�LQ�WKH�FDVH�RI�1&/$1�

H[SHULPHQWV�XVLQJ�27&
V�ZHUH�GHVLJQHG�DQG�FRQGXFWHG�LQ�D�ZD\�WKDW�UHVXOWV�LQ�RYHUHVWLPDWLRQ

RI�2��LPSDFWV���)RU�H[DPSOH��WKH�PRGLILHG�DPELHQW�WUHDWPHQWV�FRQWDLQHG�QXPHURXV�KLJK�SHDNV

�2��FRQFHQWUDWLRQV�HTXDO�WR�RU�DERYH������SSP���RFFXUULQJ�PRUH�IUHTXHQWO\�WKDQ�LQ�W\SLFDO

DPELHQW�DLU�TXDOLW\�GLVWULEXWLRQV���6XFK�H[SRVXUH�SDWWHUQV�KDYH�UDLVHG�TXHVWLRQV�DPRQJ�VRPH

UHVHDUFKHUV�DV�WR�KRZ�PXFK�RI�WKH�SODQW
V�UHVSRQVH�ZDV�D�UHVXOW�RI�KDYLQJ�DQ�H[FHVVLYH�QXPEHU

RI�KLJK�SHDNV�YHUVXV�D�FXPXODWLRQ�RI�PRUH�PRGHUDWH�H[SRVXUHV���([SRVXUH�GXUDWLRQV�ZHUH

VSHFLHV�GHSHQGHQW�EXW�W\SLFDOO\�ZHQW�IURP�VWDQG�HVWDEOLVKPHQW�WR�KDUYHVW��RQ�DYHUDJH����GD\V��

�6RPH�FURSV�ZHUH�JURZQ�LQ�PRUH�WKDQ�RQH�JHRJUDSKLFDO�UHJLRQ�DQG�UHSHDWHG�RYHU�\HDUV���,Q

DGGLWLRQ��WKH�FKDUFRDO�ILOWHUHG�FKDPEHUV�XVHG�WR�HVWDEOLVK�EDVHOLQH�FURS�\LHOG�ORVV�ZHUH�H[SRVHG

WR�DSSUR[LPDWHO\�������SSP�2���ZKLFK�LV�ORZHU�WKDQ�WKH�UDQJH�RI������WR������SSP�LGHQWLILHG

LQ�FKDSWHU���RI�WKH�VWDII�SDSHU�DV�WKH�YDOXH�IRU�VHDVRQDO�EDFNJURXQG�2��OHYHOV���7KH�UHVXOW�RI

XVLQJ�WKLV�ORZHU�OHYHO�RI�������SSP�LV�DQ�RYHUHVWLPDWLRQ�RI�\LHOG�ORVV�UHODWLYH�WR�WKDW�H[SHFWHG

XVLQJ������WR������SSP���7KHVH�DVSHFWV�RI�WKH�1&/$1�SURWRFROV�FRQWULEXWH�WR�WKH�YDULRXV

W\SHV�RI�XQFHUWDLQW\
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LQKHUHQW�LQ�H[WUDSRODWLQJ�FRQWUROOHG�ILHOG�VWXG\�UHVXOWV�RI�SHUFHQWDJH�\LHOG�UHGXFWLRQV�WR�QRQ�

FKDPEHUHG�DPELHQW�ILHOG�FRQGLWLRQV�DQG�FURS�UHJLRQV�KDYLQJ�GLIIHUHQW�2��DLU�TXDOLW\

GLVWULEXWLRQV�

��%DVHG�RQ�UHJUHVVLRQ�RI�WKH�1&/$1�DQDO\VHV��DW�OHDVW�����RI�WKH�VSHFLHV�FXOWLYDUV

WHVWHG�ZHUH�SUHGLFWHG�WR�H[KLELW�D�����\LHOG�ORVV�DW�D���KRXU�VHDVRQDO�PHDQ�2��FRQFHQWUDWLRQ�RI

�����SSP�RU�PRUH��&'����������7KHVH�ILQGLQJV�SURGXFHG�E\�WKH�1&/$1�SURMHFW�KDYH�DOVR

EHHQ�UHSRUWHG�LQ�WHUPV�RI�YDULRXV�FXPXODWLYH�H[SRVXUH�LQGLFHV��VXFK�DV�WKH���PRQWK�����KRXU

680���DQG�:�����DQG�DUH�VKRZQ�LQ�7DEOH�9,,����GHULYHG�IURP�7DEOHV������DQG������LQ�WKH

&'����5HYLHZ�RI�WKH�1&/$1�GDWD�LQGLFDWHV�WKDW�GLIIHUHQFHV�LQ�2��VHQVLWLYLW\

ZLWKLQ�VSHFLHV�PD\�EH�DV�JUHDW�DV�GLIIHUHQFHV�EHWZHHQ�VSHFLHV�ZLWK�VXEVWDQWLDO�YDULDWLRQ�LQ

VHQVLWLYLW\�IURP�\HDU�WR�\HDU���)LJXUH�9,,��D�DQG�E�VKRZ�KRZ�PDQ\�RI�WKH����1&/$1�FDVHV

H[SHULHQFH�D����RU�����\LHOG�ORVV��UHVSHFWLYHO\��IRU�HDFK����SSP�KU�FKDQJH�LQ�2��H[SRVXUH

OHYHO��H[SUHVVHG�LQ�WHUPV�RI�WKH����K����PRQWK�:����LQGH[���,Q�)LJXUH�9,,��D������RI�WKH

FDVHV�ZLOO�H[SHULHQFH�����\LHOG�ORVV�DW����SSP�KUV���,Q�FRQWUDVW��RQO\�KDOI�WKDW�DPRXQW������

ZLOO�H[SHULHQFH�����\LHOG�ORVV�DW����SSP�KUV���7KLV�VXJJHVWV�WKDW�WKH�YDULDELOLW\�LQ�VHQVLWLYLW\

LQFUHDVHV�DV�2��H[SRVXUHV�LQFUHDVH���$GGLWLRQDOO\��)LJXUH�9,,����WDNHQ�IURP�)LJXUH������LQ�WKH

&'��VKRZV�WKDW�DV����KRXU�680���OHYHOV�LQFUHDVH�WKH�UDQJH�RI�YDULDELOLW\�LQ�UHODWLYH�\LHOG�ORVV

EHWZHHQ�WKH���WK�DQG���WK�SHUFHQWLOHV�DPRQJ�1&/$1�FDVHV�LQFUHDVH��IURP�D�����GLIIHUHQFH�LQ

\LHOG�ORVV�DW����SSP�KU�WR�D������GLIIHUHQFH�DW����SSP�KUV��WKXV�VKRZLQJ�D�GLVSURSRUWLRQDO

LQFUHDVH�LQ�LPSDFW�RQ�VHQVLWLYH�VSHFLHV�DV�2��H[SRVXUH�OHYHOV�LQFUHDVH�

,Q�D�UH�DQDO\VLV�RI�1&/$1�GDWD��/HVVHU�HW�DO����������SUHGLFWHG�UHODWLYH�\LHOG�ORVVHV�IRU

D�QXPEHU�RI�FURSV�VSHFLHV�RU�JURXSV�RI�VSHFLHV��FRPSDUHG�WR�DQ�DVVXPHG�EDFNJURXQG

FRQFHQWUDWLRQ�RI�������SSP��RI����WR�����DW����K�VHDVRQDO�PHDQV�RI�������WR������SSP�

UHVSHFWLYHO\���0RVW�VLJQLILFDQWO\��EDVHG�RQ�WKH�1&/$1�UHVXOWV��LW�FDQ�EH�VHHQ�WKDW�VHYHUDO

HFRQRPLFDOO\�LPSRUWDQW�FURS�VSHFLHV�DUH�VHQVLWLYH�WR�2��OHYHOV�W\SLFDO�RI�WKRVH�IRXQG�LQ�WKH

8�6�

2WKHU�VWXGLHV��RQ�EHDQV��SRWDWRHV��WRPDWRHV��RQLRQ��DQG�WREDFFR��H[DPLQHG�HIIHFWV�RI�2�

XQGHU�DPELHQW�FRQGLWLRQV�E\�XVLQJ�WKH�FKHPLFDO�SURWHFWDQW��HWK\OHQH�GLXUHD��('8����7KRXJK

WKHUH�KDV�EHHQ�VRPH�FRQFHUQ�WKDW�('8�PLJKW�LWVHOI�DOWHU�SODQW�JURZWK��LW�LV�JHQHUDOO\

FRQVLGHUHG�DQ�REMHFWLYH�PHWKRG�IRU�HYDOXDWLQJ�2��HIIHFWV��8�6��(3$����������(VWLPDWHV�RI�\LHOG
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ORVV�ZHUH�SURYLGHG�E\�FRPSDULQJ�\LHOG�IURP�SODQWV�JURZQ�LQ�DPELHQW�DLU�WKDW�ZHUH�SURWHFWHG

ZLWK�('8�WR�WKRVH�WKDW�ZHUH�QRW���6WXGLHV�LQGLFDWHG�WKDW�\LHOGV�ZHUH�UHGXFHG�E\����WR����

UHODWLYH�WR�WKH�FKHPLFDOO\�SURWHFWHG�FRQWUROV�ZKHQ�DPELHQW�2��FRQFHQWUDWLRQV�H[FHHGHG�����

SSP�GXULQJ�WKH�GD\�IRU������GD\V�RYHU�WKH�JURZLQJ�VHDVRQ��8�6��(3$����������,QVHUW�7DEOH

9,,��



���

,QVHUW�7DEOH�9,,��



���

,QVHUW�7DEOH�9,,��



���

,QVHUW�)LJXUH�9,,��



���

,QVHUW�)LJXUH�9,,��
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� 7DNHQ�WRJHWKHU��WKH�VWXGLHV�GLVFXVVHG�DERYH�DV�ZHOO�DV�RWKHUV��H�J���+HDJOH�HW�DO��

�����E���0LOOHU�HW�DO�����������DQG�7HPSOH�HW�DO����������FRQWLQXH�WR�SURYLGH�D�EDVLV�IRU�WKH

FRQFOXVLRQ�SUHVHQWHG�LQ�WKH�ODVW�WZR�&ULWHULD�'RFXPHQWV�WKDW�2��FRQFHQWUDWLRQV�DW�DPELHQW

OHYHOV�LQ�WKH�8�6��DUH�VXIILFLHQWO\�HOHYDWHG�LQ�VHYHUDO�SDUWV�RI�WKH�FRXQWU\�WR�LPSDLU�WKH�JURZWK

DQG�\LHOG�RI�FRPPHUFLDO�FURSV��

&DYHDWV�DQG�8QFHUWDLQWLHV����,Q�RUGHU�WR�LVRODWH�DQG�PHDVXUH�D�SODQW
V�UHVSRQVH�WR�2�

IURP�WKH�SODQW
V�UHVSRQVH�WR�RWKHU�HQYLURQPHQWDO�YDULDEOHV��PDQ\�VWXG\�GHVLJQV�HPSOR\�VRPH

W\SH�RI�H[SRVXUH�FKDPEHU����$�FKDPEHU�DOORZV�WKH�UHVHDUFKHU�WR�FUHDWH�D�YDULHW\�RI�2��UHJLPHV

ZKLOH�DOO�RWKHU�YDULDEOHV�DUH�NHSW�FRQVWDQW�RU�WKHLU�FRQGLWLRQV�ZHOO�FKDUDFWHUL]HG���7KRXJK�WKHUH

DUH�QXPHURXV�IXPLJDWLRQ�V\VWHPV��WKH�PRVW�ZLGHO\�XWLOL]HG�GHVLJQ�KDV�EHHQ�WKH�RSHQ�WRS

FKDPEHU��27&����7KLV�UHYLHZ�RI�WKH�VWDQGDUG�UHOLHV�KHDYLO\�RQ�DJULFXOWXUDO�FURS�H[SRVXUH�

UHVSRQVH�IXQFWLRQV�GHYHORSHG�LQ�RSHQ�WRS�FKDPEHUV�GXULQJ�WKH�1DWLRQDO�&URS�/RVV�$VVHVVPHQW

1HWZRUN��1&/$1��IURP������WR��������2WKHU�W\SHV�RI�H[SRVXUH�PHWKRGV�DUH�DOVR�GLVFXVVHG

EHORZ���)RU�D�PRUH�GHWDLOHG�GLVFXVVLRQ�RI�PHWKRGV�DQG�XQFHUWDLQWLHV��VHH�WKH�GLVFXVVLRQ�LQ�WKH

�����&'�

7KH�PDLQ�DGYDQWDJH�RI�WKH�27&�LV�WKDW�LW�SURYLGHV�WKH�OHDVW�DPRXQW�RI�HQYLURQPHQWDO

PRGLILFDWLRQ�RI�DQ\�RXWGRRU�FKDPEHU���+RZHYHU��WKH�RSHQ�WRS�FKDPEHU�GRHV�DOWHU�DPELHQW

PLFURFOLPDWH�FRQGLWLRQV�VXFK�DV�OLJKW�LQWHQVLW\��ZLQG�YHORFLW\��UDLQIDOO��GHZ�IRUPDWLRQ�DQG

SHUVLVWHQFH��DLU�WHPSHUDWXUH�DQG�UHODWLYH�KXPLGLW\��&'����������$V�D�UHVXOW��H[KDXVWLYH

FRPSDULVRQV�EHWZHHQ�SODQWV�JURZQ�LQ�FDUERQ�ILOWHUHG�FKDPEHUV��&)���QRQ�ILOWHUHG�FKDPEHUV

�1)���DQG�VLPLODUO\�VL]HG�DQG�ORFDWHG�DPELHQW�DLU�SORWV��$$��KDYH�EHHQ�FRQGXFWHG���7KHVH

FRPSDULVRQV�GHPRQVWUDWH�WKDW�WKH�RQO\�FRQVLVWHQWO\�REVHUYHG�HIIHFW�LV�WKDW�FKDPEHU�SODQWV�ZHUH

WDOOHU�WKDQ�WKRVH�JURZQ�LQ�WKH�DPELHQW�DLU��+HDJOH�HW�DO�������D����7KRXJK�SODQW�\LHOG�LQ

DPELHQW�DLU�FDQ�EH�JUHDWHU�WKDQ��OHVV�WKDQ�RU�HTXDO�WR�WKDW�LQ�1)�FKDPEHUV��WKHUH�LV�QR�HYLGHQFH

WKDW�WKHUH�LV�D�ODUJH�HIIHFW�RI�FKDPEHUV�RQ�SODQW�UHVSRQVH�WR�2���+HFN�HW�DO���������+HDJOH�HW

DO�������D��2OV]\N�HW�DO����������

$Q�DGGLWLRQDO�FRQFHUQ�LQ�RSHQ�WRS�FKDPEHUV�LV�WKH�DGGLWLRQ�RI�WUDFH�SROOXWDQWV��1�2�

DQG�12��LQ�FKDPEHUV�UHFHLYLQJ�2��JHQHUDWHG�IURP�GU\�DLU�DQG�12��LQ�FKDPEHUV�UHFHLYLQJ

DPELHQW�DLU���*HQHUDWHG�2��WUHDWPHQWV�KDYH�EHHQ�VKRZQ�WR�EH�PRUH�SK\WRWR[LF�WKDQ�DPELHQW�2�

WUHDWPHQWV���7R�DYRLG�WKLV�SUREOHP��27&�VWXGLHV�KDYH�XVHG�ILOWHUHG�YV��QRQ�ILOWHUHG�DPELHQW

2����7KH�GUDZEDFN�WR�WKLV�DSSURDFK�LV�WKDW�ORZ�DPELHQW�2��OHYHOV�PDNH�GHWHFWLQJ�GLIIHUHQFHV�LQ
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SODQW�UHVSRQVH�EHWZHHQ�ILOWHUHG�DQG�QRQ�ILOWHUHG�FKDPEHUV�GLIILFXOW��WKXV�UHTXLULQJ�D�KLJK

QXPEHU�RI�UHSOLFDWLRQV�IRU�VWDWLVWLFDO�UHDVRQV�

6HYHUDO�RWKHU�H[SRVXUH�PHWKRGRORJLHV�KDYH�EHHQ�HPSOR\HG�LQ�PRUH�QDWXUDO

HQYLURQPHQWDO�FRQGLWLRQV���2QH�PHWKRG�LQYROYHV�XVLQJ�FKHPLFDOV��VSHFLILFDOO\�('8��WR�SURWHFW

SODQWV�IURP�WKH�HIIHFWV�RI�2��LQ�WKH�ILHOG���7KLV�WHFKQLTXH�LV�FKHDSHU�DQG�HDVLHU�WR�DSSO\�WR�ODUJH

DUHDV�WKDQ�RSHQ�WRS�FKDPEHUV��HOLPLQDWHV�WKH�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�FKDPEHU�HIIHFWV��DQG

UHGXFHV�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�VFDOLQJ�XS�IURP�VPDOO�WR�ODUJHU�DUHDV��

+RZHYHU��ILHOG�SURWRFROV�IRU�WKH�XVH�RI�('8�KDYH�QRW�EHHQ�ZHOO�HVWDEOLVKHG��

)UHTXHQF\�DQG�UDWH�RI�DSSOLFDWLRQ�WKDW�SURWHFWV�SODQWV�YDU\�ZLWK�VSHFLHV�DQG�HGDSKLF�DQG

DWPRVSKHULF�FRQGLWLRQV����7ZR�WUHDWPHQW�VWXGLHV�RI�('8�DQG��SODQW�UHVSRQVH�WR�2���.RVWND�

5LFN�DQG�0DQQLQJ������D�E��LQGLFDWH�WKDW�SURWHFWLRQ�LV�YDULDEOH��VXJJHVWLQJ�WKDW�WKH

H[SHULPHQWDO�V\VWHP�XQGHU�LQYHVWLJDWLRQ��VRLO��SODQW��FOLPDWH��ZRXOG�KDYH�WR�EH�H[WUHPHO\�ZHOO

FKDUDFWHUL]HG�DQG�XQGHUVWRRG�IRU�LQWHUSUHWDWLRQ�RI�UHVXOWV���7KH�PHFKDQLVP�E\�ZKLFK�('8

SURWHFWV�SODQWV��EH\RQG�EHLQJ�D�V\VWHPDWLF�DQWLR[LGDQW��LV�XQNQRZQ��XQGHUVWDQGLQJ�WKLV

PHFKDQLVP�KDV�WKH�SRWHQWLDO�WR�FRQWULEXWH�WR�WKH�EURDGHU�XQGHUVWDQGLQJ�RI�WKH�PHFKDQLVPV�RI

2��LQMXU\�DW�WKH�FHOOXODU�PHWDEROLF�OHYHO�RI�WKH�SODQW�

$�WKLUG�PHWKRG�XVHV�RSHQ�DLU�ILHOG�IXPLJDWLRQ�V\VWHPV��VXFK�DV�WKH�]RQDO�DLU�SROOXWLRQ

V\VWHP���6XFK�V\VWHPV�KDYH�WKH�FDSDELOLW\�WR�IXPLJDWH�SODQWV�ZLWK�GLXUQDOO\�YDU\LQJ�SDWWHUQV�RI

FRQFHQWUDWLRQV�W\SLFDO�RI�DPELHQW�2��XQGHU�ILHOG�FRQGLWLRQV���+RZHYHU��VWXGLHV�ZKLFK�XVH�VXFK

V\VWHPV�DUH�WKH�OHDVW�FRQWUROODEOH�DQG�UHSHDWDEOH���$QRWKHU�PHWKRG�LV�WKH�DPELHQW�JUDGLHQW

V\VWHP���7KLV�PHWKRG�LV�VWUXFWXUHG�WR�WDNH�LQWR�DFFRXQW�WKH�SUHH[LVWLQJ�JUDGLHQW�RI�SROOXWDQW

FRQFHQWUDWLRQV�RYHU�D�JLYHQ�DUHD�ZKHUH�D�VSHFLHV�LV�JURZQ���)RU�DPELHQW�JUDGLHQW�VWXGLHV�WR�EH

LQWHUSUHWDEOH��JRRG�FKDUDFWHUL]DWLRQ�RI�VLWH�SDUDPHWHUV��UDLQIDOO��WHPSHUDWXUH��UDGLDWLRQ��VRLO

W\SH��HWF���LV�QHHGHG��DV�ZHOO�DV�NQRZOHGJH�RI�KRZ�WKHVH�IDFWRUV�VKRXOG�EH�XVHG�WR�DGMXVW

DSSDUHQW�SODQW�UHVSRQVH���$W�WKLV�WLPH��KRZHYHU��WKH�UHODWLRQVKLSV�DUH�VWLOO�LQFRPSOHWHO\

XQGHUVWRRG��DQG�WKHUHIRUH�FRQIRXQG�LQWHUSUHWDWLRQ�RI�WKH�UHVXOWV��

�� *URZWK�5HGXFWLRQV�LQ�7UHH�6HHGLQJV�DQG�0DWXUH�7UHHV

6LQFH�WKH�SUHSDUDWLRQ�RI�WKH������&'��D�QXPEHU�RI�QHZ�VWXGLHV�KDYH�EHHQ�SXEOLVKHG

UHODWLQJ�2��H[SRVXUH�WR�HIIHFWV�RQ�GHFLGXRXV�DQG�HYHUJUHHQ�VHHGOLQJV�DQG�PDWXUH�WUHHV���7KHVH

VWXGLHV�SDUWLDOO\�DGGUHVV�D�VLJQLILFDQW�JDS�LQ�2���HIIHFWV�GDWD�LGHQWLILHG�E\�&$6$&�LQ�WKH�ODVW

UHYLHZ�RI�WKH�2��1$$46��



���

7KH�UHODWLRQVKLS�EHWZHHQ�UHVSRQVHV�WR�2��H[SRVXUH�LQ�VHHGOLQJV�DQG�PDWXUH�WUHHV�LV�VWLOO

QRW�ZHOO�XQGHUVWRRG���6HYHUDO�VWXGLHV�GHVFULEH�D�QXPEHU�RI�SRWHQWLDO�GLIIHUHQFHV�EHWZHHQ

VHHGOLQJV�DQG�PDWXUH�WUHHV��&UHJJ�HW�DO���������3\H��������LQFOXGLQJ�VWRPDWD�QXPEHU�

SKRWRV\QWKHWLF�UDWH��ZDWHU�XVH�HIILFLHQF\��QXWULWLRQDO�QHHGV��UHF\FOLQJ�FDSDFLWLHV��DQG�FDQRS\

HIIHFWV��H�J���VXQ�YV��VKDGH��ZLQG�VSHHG��&2��FRQFHQWUDWLRQV����/LPLWHG�H[SHULPHQWDO�HYLGHQFH

VKRZV�QR�FRQVLVWHQW�UHODWLRQVKLS�EHWZHHQ�WKH�VHQVLWLYLWLHV�RI�VHHGOLQJV�DQG�PDWXUH�WUHHV���)RU

H[DPSOH��6DPXHOVRQ�DQG�(GZDUGV��������IRXQG�WKDW�ZKLOH�WKH�FDQRS\�ZHLJKW�RI�D�PDWXUH���

\HDU�ROG�QRUWKHUQ�UHG�RDN�H[SHULHQFHG�D�����UHGXFWLRQ�ZKHQ�H[SRVHG�WR�D���K�VHDVRQDO�PHDQ

RI�������SSP�DV�FRPSDUHG�WR�D�YHU\�ORZ�H[SRVXUH�OHYHO�RI���������KU�VHDVRQDO�PHDQ��WZR�\HDU

ROG�VHHGOLQJV�ZHUH�QRW�DIIHFWHG�DW�VLPLODU�H[SRVXUHV���7KXV��EHFDXVH�WUHH�VHHGOLQJ�VWXGLHV�FDQ

QRW�DW�WKLV�WLPH�EH�H[WUDSRODWHG�WR�TXDQWLI\�UHVSRQVHV�WR�2��LQ�PDWXUH�WUHHV��WKH\�ZLOO�EH

GLVFXVVHG�VHSDUDWHO\�EHORZ�

'HFLGXRXV�$QG�(YHUJUHHQ�6HHGOLQJV���*URZWK�DQG�SURGXFWLYLW\�KDV�EHHQ�UHSRUWHG�WR�EH

DIIHFWHG�E\�2��IRU�QXPHURXV�VSHFLHV�LQ�WKH�%OXH�5LGJH�0RXQWDLQV�RI�9LUJLQLD���,Q�WKH

6KHQDQGRDK�1DWLRQDO�3DUN��'XFKHOOH�HW�DO���������������FRPSDUHG�WKH�JURZWK�RI�VHHGOLQJV�DQG

SURGXFWLYLW\�RI�KHUEDFHRXV�YHJHWDWLRQ�JURZQ�LQ�FKDUFRDO�ILOWHUHG�DLU�LQ�RSHQ�WRS�FKDPEHUV�WR

WKDW�LQ�RSHQ�SORWV��DQG�IRXQG�WKDW�WXOLS�SRSODU��JUHHQ�DVK��VZHHW�JXP��EODFN�ORFXVW��DV�ZHOO�DV

VHYHUDO�HYHUJUHHQ�VSHFLHV��H�J���(DVWHUQ�KHPORFN��7DEOH�0RXQWDLQ�SLQH��SLWFK�SLQH��DQG

9LUJLQLD�SLQH���FRPPRQ�PLONZHHG��DQG�FRPPRQ�EODFNEHUU\�DOO�GHPRQVWUDWHG�JURZWK

VXSSUHVVLRQ���([FHSW�IRU�WKH�ODVW�WZR�VSHFLHV�PHQWLRQHG��DOPRVW�QR�YLVLEOH�LQMXU\�V\PSWRPV

DFFRPSDQLHG�WKH�JURZWK�UHGXFWLRQV�

%HWZHHQ������DQG�������WKH�(3$
V�1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV

5HVHDUFK�/DERUDWRU\�:HVWHUQ�(FRORJ\�'LYLVLRQ��1+((5/�:('��LQ�&RUYDOOLV�VSRQVRUHG�D

UHVHDUFK�SURJUDP�WR�DGGUHVV�WKH�HIIHFWV�RI�WURSRVSKHULF�2��RQ�IRUHVW�WUHHV���8VLQJ�WKH�VDPH

RSHQ�WRS�FKDPEHU�PHWKRGRORJ\�DV�1&/$1��WKLV�SURJUDP�KDV�GHYHORSHG�H[SRVXUH�UHVSRQVH

IXQFWLRQV�IRU�VL[�GHFLGXRXV�VSHFLHV��LQFOXGLQJ�DVSHQ��UHG�DOGHU��EODFN�FKHUU\��UHG�PDSOH��VXJDU

PDSOH��DQG�WXOLS�SRSODU�DQG�ILYH�HYHUJUHHQ�VSHFLHV��LQFOXGLQJ�GRXJODV�ILU��SRQGHURVD�SLQH�

OREOROO\�SLQH��HDVWHUQ�ZKLWH�SLQH��DQG�9LUJLQLD�SLQH����7DEOH�9,,���SUHVHQWV�WKH�LQGLYLGXDO

UHVXOWV�IRU�DOO�FDVHV�HYDOXDWHG�LQ�WKLV�VWXG\��7DEOH������IURP�WKH�&'����

,QVHUW�7DEOH�9,,���KHUH



���

,QVHUW�7DEOH�9,,���KHUH



���

:KHQ�WKH�GLVWULEXWLRQ�RI�WKH�UHODWLYH�\LHOG�ORVVHV�IRU�YDULRXV�SHUFHQWLOHV�RI�WKH

GHFLGXRXV�DQG�HYHUJUHHQ�VHHGOLQJ�VWXGLHV�DUH�DJJUHJDWHG���)LJXUH�9,,�����D����KU��680��

H[SRVXUH�RI������SSP�K�RYHU����GD\V�LV�DVVRFLDWHG�ZLWK�OHVV�WKDQ�����ELRPDVV�UHGXFWLRQ�LQ

����RI�WKH�VHHGOLQJ�FDVHV�VWXGLHG���:KHQ�WKH�H[SRVXUH�UHVSRQVH�IXQFWLRQV�IRU�MXVW�WKH

GHFLGXRXV�VHHGOLQJ�FDVHV�DUH�FRPELQHG��WKH�UHVXOWV�VKRZ�WKDW�D�ORZHU����KU��680���H[SRVXUH

RI������SSP�K�RYHU����GD\V�LV�DVVRFLDWHG�ZLWK�OHVV�WKDQ�����ELRPDVV�UHGXFWLRQ�LQ�����RI�WKH

GHFLGXRXV�FDVHV��7DEOH�������&'����)RU�WKH�HYHUJUHHQ�VHHGOLQJV��D���PRQWK�����KU��680��

H[SRVXUH�RI������SSP�K�ZDV�SUHGLFWHG�WR�UHVXOW�LQ�OHVV�WKDQ�D�����ELRPDVV�ORVV�LQ�����RI�WKH

HYHUJUHHQ�FDVHV�VWXGLHG���7KXV��WKH�HYHUJUHHQ�VHHGOLQJV�VWXGLHG��RQ�DYHUDJH��H[KLELWHG�OHVV

VHQVLWLYLW\�WR�2��WKDQ�WKH�GHFLGXRXV�VHHGOLQJV�VWXGLHG�����

$V�ZLWK�FURSV��WKHVH�VWXGLHV�DOVR�VKRZHG�WKDW�WKHUH�ZDV�VLJQLILFDQW�YDULDELOLW\�LQ

VHQVLWLYLW\�WR�2��DPRQJ�VSHFLHV�DQG�JHQRW\SHV�ZLWKLQ�VSHFLHV���)RU�H[DPSOH��UHG�DOGHU

VHHGOLQJV�VKRZHG�VXEVWDQWLDO�YDULDELOLW\��ZLWK�D�����UHGXFWLRQ�LQ�ELRPDVV�REVHUYHG�RYHU�WKH

UDQJH�RI������WR������SSP�K�����K�680�����DQG�D�����ELRPDVV�ORVV�REVHUYHG�RYHU�WKH�UDQJH

RI������WR�������SSP�K�����K�680������7KLV�YDULDWLRQ�LQ�JURZWK�UHVSRQVH�WR�2��H[SRVXUH�FDQ

DOVR�UHVXOW�IURP�GLIIHUHQW�FOLPDWHV�DQG�JURZLQJ�HQYLURQPHQWV��H�J���GURXJKW��QXWULHQW�OHYHO��

SHVW�SDWKRJHQ�LQWHUDFWLRQV��H[SRVXUH�LQWHQVLW\�DQG�G\QDPLFV��DQG�JHQHWLFV��+RJVHWW�HW�DO��

��������%HFDXVH�LW�LV�QRW�NQRZQ�ZKHWKHU�WKH�JHQRPH�V��WKDW�ZHUH�VWXGLHG�UHSUHVHQW�WKH

FRPSOHWH�UDQJH�RI�VHQVLWLYLWLHV�ZLWKLQ�D�JLYHQ�VSHFLHV��WKH�UHVXOWV�IURP�WKHVH�VWXGLHV�VKRXOG�EH

XVHG�ZLWK�FDXWLRQ�

6RPH�VWXGLHV�IXUWKHU�VKRZHG�WKDW�VHYHUDO�GHFLGXRXV�VSHFLHV�DV�VHHGOLQJV�DUH�H[WUHPHO\

VHQVLWLYH�WR�2��ZLWK�UHVSHFW�WR�ELRPDVV�ORVV���)RU�H[DPSOH��'DYLV�DQG�6NHOO\������D��E��DQG

6LPLPL�HW�DO����������GHVFULEH�EODFN�FKHUU\�VHHGOLQJV�DV�YHU\�VHQVLWLYH��ZLWK����KRXU�680��

H[SRVXUHV�DV�ORZ�DV������SSP�K�RYHU����GD\V�SUHGLFWHG�WR�FDXVH�D�����ELRPDVV�ORVV��+RJVHWW

HW�DO�����������7ZR�GLIIHUHQW�$VSHQ�FORQHV�VKRZHG�����ELRPDVV�ORVV�DW����KRXU�680��

H[SRVXUHV�RI�������DQG������SSP�K��UHVSHFWLYHO\���*LYHQ�WKH�PHDQ���PRQWK����KRXU

680���YDOXH�RYHU�WKH����\HDU�SHULRG�����������RI������SSP�K��IURP�7DEOH�9,,�����WKH

SRWHQWLDO�IRU�ELRPDVV�ORVV�LQ�VXFK�VHQVLWLYH�VHHGOLQJ�VSHFLHV�FRXOG�EH�VLJQLILFDQW�



���

,QVHUW�)LJXUH�9,,��
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2WKHU�VWXGLHV�KDYH�EHHQ�SHUIRUPHG�RQ�'RXJODV�ILU��-HIIUH\��/RGJHSROH��0RQWHUH\�

SRQGHURVD��VKRUH��VXJDU��DQG�ZHVWHUQ�ZKLWH�SLQH�DQG�6LWND�VSUXFH�E\�:LOKRXU�DQG�1HHO\

����������,Q�FORVHG�WRS�ILHOG�FKDPEHUV��2��ZDV�DGGHG�WR�FKDUFRDO�ILOWHUHG�DLU�DW�WKH�FRQVWDQW

H[SRVXUH�RI������SSP�IRU���K�GD\�IRU�����GD\V���$FURVV�VSHFLHV��REVHUYHG�UHGXFWLRQV�UDQJHG

IURP���WR�����IRU�KHLJKW�DQG���WR�����IRU�VWHP�GU\�ZHLJKW���,Q�DQRWKHU�VWXG\��K\EULG�SRSODU

ZDV�H[SRVHG�WR������SSP�IRU����KUV�GD\�IRU�����GD\V�LQ�RSHQ�WRS�FKDPEHUV��ZLWK�REVHUYHG

UHGXFWLRQV�UDQJLQJ�IURP����WR�����IRU�KHLJKW�DQG���WR�����IRU�VWHP�VSHFLILF�JUDYLW\��3DWWRQ�

��������+RJVHWW�HW�DO�������D��QRWHG�JURZWK�UHGXFWLRQV�LQ�KHLJKW��GLDPHWHU��DQG�URRW�V\VWHPV�LQ

WZR�YDULHWLHV�RI�VODVK�SLQH�VHHGOLQJV�XQGHU�FKURQLF�HSLVRGLF�H[SRVXUH�UHJLPHV�W\SLFDO�RI�WKH

VRXWKHDVWHUQ�8�6���%RWK�YDULHWLHV�RI�VODVK�SLQH�H[KLELWHG�DQ�LQFUHDVLQJ�UHGXFWLRQ�LQ�JURZWK�ZLWK

LQFUHDVLQJ�2��FRQFHQWUDWLRQ��ZLWK�WKH�PRVW�SURQRXQFHG�FKDQJH�REVHUYHG�LQ�WKH�JURZWK�RI

URRWV���7KH�VLJQLILFDQFH�RI�WKHVH�ILQGLQJV�LV�QRW�\HW�XQGHUVWRRG���%HFDXVH�WUHHV�DUH�SHUHQQLDOV�

WKH�HIIHFW�RI�HYHQ�D������SHU�\HDU�ORVV�LQ�VHHGOLQJ�ELRPDVV��YHUVXV����WR�����\LHOG�ORVV�LQ

FURSV���LI�FRPSRXQGHG�RYHU�PXOWLSOH�\HDUV�XQGHU�QDWXUDO�ILHOG�FRQGLWLRQV�RI�FRPSHWLWLRQ�IRU

UHVRXUFHV��FRXOG�EH�VHYHUH���)XUWKHUPRUH��JLYHQ�WKH�YDULDELOLW\�LQ�PHWHRURORJ\�DQG�2�

FRQFHQWUDWLRQV�EHWZHHQ�\HDUV��LW�LV�QRW�NQRZQ�WR�ZKDW�GHJUHH�VHHGOLQJV�ZRXOG�UHFRYHU�JLYHQ

SHULRGV�RI�PRUH�IDYRUDEOH�FRQGLWLRQV���%HFDXVH�RI�WKHVH�XQFHUWDLQWLHV��WKH�VWDII�FDXWLRQ�DJDLQVW

WUHDWLQJ�HTXDO�SHUFHQWDJHV�RI�\LHOG�ORVV�LQ�DQQXDOV�DQG�ELRPDVV�ORVV�LQ�SHUHQQLDOV�DV

UHSUHVHQWLQJ�WKH�VDPH�GHJUHH�RI�DGYHUVLW\�



���

8QFHUWDLQWLHV�DQG�/LPLWDWLRQV�,Q�6HHGOLQJ�6WXGLHV���,Q�RUGHU�WR�PRUH�DFFXUDWHO\

XQGHUVWDQG�WKH�UHVXOWV�RI�WKH�VHHGOLQJ�VWXGLHV�SUHVHQWHG�DERYH��WKHUH�DUH�VHYHUDO�LPSRUWDQW

FDYHDWV�DQG�OLPLWDWLRQV�WR�NHHS�LQ�PLQG���7KH����VSHFLHV�VHOHFWHG�ZHUH�JURZQ�LQ�RSHQ�WRS

FKDPEHUV��VHH�GLVFXVVLRQ�RI�FDYHDWV�DQG�XQFHUWDLQWLHV�IRU�27&�DERYH�����7KH�LQIOXHQFH�RI

PXOWLSOH�HQYLURQPHQWDO�IDFWRUV�ZHUH�QRW�WDNHQ�LQWR�DFFRXQW�DV�WKH�VHHGOLQJV�ZHUH�JURZQ�XQGHU

RSWLPDO�JURZLQJ�FRQGLWLRQV�DQG�IHZ�H[SHULPHQWV�LQFOXGHG�PXOWLSOH�\HDU�H[SRVXUHV���7KHVH

IDFWV�PDNH�LW�SUREOHPDWLF�ZKHQ�WU\LQJ�WR�SUHGLFW�HIIHFWV�RQ�SHUHQQLDO�VSHFLHV�JURZLQJ�LQ�DQ

HFRV\VWHP�FRQWH[W��+RJVHWW��HW�DO������������7KH�SDUDPHWHU�XVHG�WR�PHDVXUH�2��HIIHFWV�RQ

VHHGOLQJV��WRWDO�ELRPDVV�ORVV��LV�PHDVXUHG�DJDLQVW�ELRPDVV�DW�DQ�2��FRQFHQWUDWLRQ�OHYHO�RI

680���HTXDO�WR���SSP�KUV����+RZHYHU��WKH�GDWDEDVH�VKRZV�WKDW�WKHUH�LV�QR�GLVWLQJXLVKDEOH

WKUHVKROG�EHWZHHQ�FRQFHQWUDWLRQV�WKDW�SURGXFH�DQ�HIIHFW�DQG�WKRVH�WKDW�GR�QRW��DQG�ELRPDVV�ORVV

RFFXUULQJ�DW�H[SRVXUH�OHYHOV�EHORZ������SSP�PD\�EH�VLJQLILFDQW�IRU�VRPH�VHQVLWLYH�VSHFLHV��

7KXV��WKH�GDWD�DUH�OLPLWHG�WR�WKH�FRQGLWLRQV�XQGHU�ZKLFK�WKH�H[SHULPHQWV�ZHUH�FRQGXFWHG�

'HFLGXRXV�DQG�(YHUJUHHQ�7UHHV���0DQ\�LPSRUWDQW�ILHOG�REVHUYDWLRQV�RI�PDWXUH

HYHUJUHHQ�WUHHV�RFFXUUHG�SULRU�WR�������DQG�ZHUH�GLVFXVVHG�LQ�WKH������&'���2QH�VXFK�VWXG\

E\�0DQQ�HW�DO���������UHSRUWHG�D�UHGXFWLRQ�LQ�UDGLDO�JURZWK�RI�VHQVLWLYH�ZKLWH�SLQH�LQGLYLGXDOV

RI�DV�PXFK�DV����������DQQXDOO\�RYHU�D�SHULRG�RI����WR����\HDUV�RQ�WKH�&XPEHUODQG�3ODWHDX�LQ

7HQQHVVHH���)LHOG�VWXGLHV�LQ�WKH�6DQ�%HUQDUGLQR�1DWLRQDO�)RUHVW�LQGLFDWHG�WKDW�RYHU�D�SHULRG�RI

���\HDUV��2��PD\�KDYH�UHGXFHG�WKH�JURZWK�LQ�KHLJKW�RI�SRQGHURVD�SLQH�E\�DV�PXFK�DV�����

UDGLDO�JURZWK�E\������DQG�WRWDO�YROXPH�RI�ZRRG�SURGXFHG�E\������0LOOHU�HW�DO����������

%HFDXVH�WKHVH�REVHUYDWLRQV�ZHUH�PDGH�LQ�WKH�ILHOG�ZLWK�QXPHURXV�XQFRQWUROOHG�HQYLURQPHQWDO

IDFWRUV��WKH�H[WHQW�WR�ZKLFK�WKH�REVHUYHG�JURZWK�HIIHFWV�FDQ�EH�DWWULEXWHG�WR�2��LV�XQFHUWDLQ���,W

LV�UHSRUWHG��KRZHYHU��WKDW�2��ZDV�D�VLJQLILFDQW�FRQWULEXWRU�WKDW�SRWHQWLDOO\�H[DFHUEDWHG�WKH

HIIHFWV�RI�WKH�RWKHU�HQYLURQPHQWDO�VWUHVVHV�

6HYHUDO�ILHOG�VWXGLHV�LQGLFDWH�WKDW�LQMXU\�DVVRFLDWHG�ZLWK�H[SRVXUH�WR�2��DQG�RWKHU

R[LGDQWV�KDV�EHHQ�RFFXUULQJ�LQ�WKH�$SSDODFKLDQ�0RXQWDLQV�IRU�PDQ\�\HDUV���%HQRLW�HW�DO�

�������FRQGXFWHG�VWXGLHV�LQ�WKH�%OXH�5LGJH�0RXQWDLQV�RI�9LUJLQLD�WR�HYDOXDWH�WKH�ORQJ�WHUP

HIIHFWV�RI�R[LGDQWV�RQ�JURZWK�LQ�HDVWHUQ�ZKLWH�SLQH�RI�UHSURGXFLQJ�DJH���%\�FRPSDULQJ�JURZWK

UDWHV�IURP�WKH�SHULRG�����������ZLWK�WKRVH�LQ������������GHFUHDVHV�RI���������DQG�����ZHUH

UHSRUWHG�IRU�WUHH�VSHFLHV�FKDUDFWHUL]HG�DV�WROHUDQW��LQWHUPHGLDWH��DQG�VHQVLWLYH��UHVSHFWLYHO\��



���

%HFDXVH�QR�VLJQLILFDQW�FKDQJH�LQ�VHDVRQDO�SUHFLSLWDWLRQ�RFFXUUHG�RYHU�WKH�VDPH�WLPH�SHULRG��WKH

HIIHFWV�RQ�JURZWK�ZHUH�DWWULEXWHG�WR�2���ZKLFK�GXULQJ�WKH�ODWWHU�WLPH�SHULRG�UHDFKHG�SHDNV

IUHTXHQWO\�LQ�H[FHVV�RI������SSP�DQG�PRQWKO\�DYHUDJHV�RI�����������SSP�RQ�D�UHFXUULQJ�EDVLV

�8�6��(3$����������'XFKHOOH�HW�DO����������PRQLWRULQJ�LQ�WKH�VDPH�DUHD��UHSRUWHG�SHDN�KRXUO\

DYHUDJHV�!�����SSP�IRU�WKH�PRQWKV�RI�$SULO�WKURXJK�6HSWHPEHU�LQ������DQG���������$V�HDUO\

DV�������6NHOO\�HW�DO���������FRQFOXGHG�WKDW�WKH�PRVW�VHQVLWLYH�HDVWHUQ�ZKLWH�SLQHV�ZHUH�VR

VHYHUHO\�LQMXUHG�E\�R[LGDQW�H[SRVXUH�WKDW�WKH\�ZHUH�SUREDEO\�EHLQJ�UHPRYHG�IURP�WKH

SRSXODWLRQ�

,Q�������WR�HYDOXDWH�JURZWK�FKDQJHV�LQ�2��VWUHVVHG�SRQGHURVD�DQG�-HIIHU\�SLQH�

3HWHUVRQ�DQG�KLV�FRZRUNHUV�FRQGXFWHG�WKH�ODUJHVW�LQYHVWLJDWLRQ�RI�UHJLRQDO�WUHH�JURZWK�LQ�WKH

ZHVWHUQ�8�6���3HWHUVRQ�HW�DO���������3HWHUVRQ�DQG�$UEDXJK��������������3HWHUVRQ�HW�DO��

��������8VLQJ�FRUHV�WR�GHWHUPLQH�ZKHWKHU�JURZWK�UHGXFWLRQV�KDG�RFFXUUHG��WKH\�UDQGRPO\

VDPSOHG�ERWK�WUHHV�ZLWK�YLVLEOH�2��LQMXU\�V\PSWRPV�DQG�DV\PSWRPDWLF�WUHHV���0DMRU�GHFUHDVHV

LQ�JURZWK�RFFXUUHG�IRU�ERWK�V\PSWRPDWLF�DQG�DV\PSWRPDWLF�WUHHV�GXULQJ�WKH�����
V�DQG

����
V���7KH�SHUFHQWDJH�RI�WUHHV�H[KLELWLQJ�JURZWK�GHFUHDVHV�DW�DQ\�JLYHQ�VLWH�QHYHU�H[FHHGHG

����LQ�D�JLYHQ�GHFDGH��3HWHUVRQ�HW�DO�����������0HDQ�DQQXDO�UDGLDO�LQFUHPHQW�LQ�WUHHV�ZLWK

YLVLEOH�V\PSWRPV�RI�2��LQMXU\�ZDV�����OHVV�WKDQ�WUHHV�DW�VLWHV�ZLWKRXW�2��LQMXU\���7UHHV�ODUJHU

WKDQ����FP�GLDPHWHU�DQG�WUHHV�ROGHU�WKDQ�����\HDUV�VKRZHG�JUHDWHU�GHFUHDVHV�LQ�JURZWK�WKDQ

VPDOOHU�DQG�\RXQJHU�WUHHV���$JDLQ��WKH�VLJQLILFDQFH�RI�WKHVH�HIIHFWV�RQ�WKH�DERYH�DQG�EHORZ

JURXQG�IRUHVW�HFRV\VWHP�LV�XQNQRZQ�

7KH�UHVSRQVH�RI�D�QXPEHU�RI�IUXLW�DQG�QXW�WUHHV�WR�2��H[SRVXUH�KDV�EHHQ�UHSRUWHG

�0F&RRO�DQG�0XVVHOPDQ��������5HW]ODII�HW�DO�������������D��E����$OPRQG�KDV�EHHQ�LGHQWLILHG

DV�WKH�PRVW�VHQVLWLYH��EXW�SHDFK��DSULFRW��SHDU��DQG�SOXP�KDYH�DOVR�EHHQ�DIIHFWHG�XQGHU�VWXG\

FRQGLWLRQV���1HW�JURZWK�RI�DOPRQG��DV�ZHOO�DV�VWHP�GLDPHWHU�RI�SHDFK�DQG�WKH�VWHP�GLDPHWHU

DQG�QXPEHU�RI�VKRRWV�SURGXFHG�RQ�DSULFRW�ZHUH�UHGXFHG�E\�IRXU�PRQWKV�RI�RQFH�ZHHNO\

H[SRVXUH�WR������SSP�K�2��IRU���K��D�KLJK�OHYHO�RI�H[SRVXUH�JHQHUDOO\�IRXQG�ZLWK�IUXLW�DQG�QXW

WUHHV�RQO\�LQ�&DOLIRUQLD����$�IHZ�VWXGLHV�KDYH�PHDVXUHG�2��HIIHFWV�RQ�FLWUXV�RU�DYRFDGR��

9DOHQFLD�RUDQJH�WUHHV��GXULQJ�D�SURGXFWLRQ�\HDU��H[SRVHG�WR�D�VHDVRQDO����K�PHDQ�RI������DQG

������SSP�KDG����DQG�����ORZHU�\LHOGV�WKDQ�WUHHV�JURZQ�LQ�ILOWHUHG�DLU�DW�ZLWK�D�YHU\�ORZ�2�

FRQFHQWUDWLRQ�RI�������SSP���,Q�FRQWUDVW��JURZWK�RI�5XE\�5HG�JUDSHIUXLW�ZDV�QRW�DIIHFWHG�E\



���

FRQFHQWUDWLRQV���WLPHV�DPELHQW��&'����������$YRFDGR�JURZWK�ZDV�UHGXFHG�E\����RU�����E\

H[SRVXUH�WR����K�VHDVRQDO�PHDQV�RI��������DQG�������SSP�GXULQJ�WZR�JURZLQJ�VHDVRQV�

7KH�PHWKRGRORJLHV�HPSOR\HG�LQ�PDWXUH�WUHH�VWXGLHV�RIWHQ�GLIIHU�IURP�WKRVH�XVHG�ZLWK

VHHGOLQJV���,Q�RQO\�D�IHZ�FDVHV�KDYH�27&V�ODUJH�HQRXJK�IRU�PDWXUH�WUHHV�EHHQ�XVHG��ZKLFK

ZHUH�EXLOW�DW�JUHDW�H[SHQVH��0DQGO�HW�DO�����������2WKHU�H[SRVXUH�PHWKRGV�WKDW�KDYH�EHHQ�XVHG

ZLWK�ODUJH�WUHHV�LQFOXGH�EUDQFK�DQG�OHDI�FKDPEHUV���7KRXJK�WKHVH�FKDPEHUV�KDYH�PDQ\

DGYDQWDJHV��LW�LV�QRW�\HW�NQRZQ�ZKHWKHU�WKH�EUDQFK�RU�OHDI�EHLQJ�VWXGLHG�LV�UHVSRQGLQJ�WKH�VDPH

DV�RWKHU�SDUWV�RI�WKH�SODQW�ZKLFK�DUH�H[SHULHQFLQJ�GLIIHUHQW�HQYLURQPHQWDO�FRQGLWLRQV���7KXV�

HVWLPDWLQJ�WRWDO�WUHH�UHVSRQVH�IURP�EUDQFK�RU�OHDI�FKDPEHU�VWXGLHV�LQWURGXFHV�D�KLJK�GHJUHH�RI

XQFHUWDLQW\�

,Q�OLJKW�RI�WKH�JUHDWHU�GLIILFXOWLHV�DVVRFLDWHG�ZLWK�FRQGXFWLQJ�VWXGLHV�RQ�PDWXUH�WUHHV�

WKH�VFLHQWLILF�FRPPXQLW\�KDV�GHYHORSHG�SURFHVV�OHYHO�PRGHOV�WR�VLPXODWH�JURZWK�DQG�VWDQG

G\QDPLFV�RYHU�WLPH�XQGHU�YDULRXV�2��OHYHOV���7KHVH�PRGHOV��XWLOL]H�WKH�ODUJH�EDVH�RI�GDWD�LQ

WUHH�SK\VLRORJ\�DQG�IRUHVW�HFRORJ\��ZDWHUVKHG�FKHPLVWU\��DQG�DWPRVSKHUH�IRUHVW�FDQRS\

PHWHRURORJ\�WR�GHYHORS�PRGHOV�RI�WUHH�SK\VLRORJ\�DQG�JURZWK�DQG�WR�VXEVHTXHQWO\�VFDOH�WKHVH

LQYHVWLJDWLRQV�WR�WKH�OHYHOV�RI�IRUHVW�VWDQGV�DQG�ODQGVFDSHV���7D\ORU��HW�DO�����������75(*52

PRGHOV�ZKROH�WUHH�RU�VHHGOLQJ�JURZWK�DQG�VLPXODWHV�PXOWL\HDU�2��HIIHFWV�WR�HLWKHU�VHHGOLQJV�RU

PDWXUH�WUHHV�XQGHU�VHOHFWHG�FOLPDWHV�RU�VRLO�FRQGLWLRQV���=(/,*�FRQVLGHUV�WKH�FRPSHWLWLRQ�IRU

UHVRXUFHV�WKDW�RFFXUV�EHWZHHQ�IRXU�LQGLYLGXDOV�RI�WKH�VDPH�RU�GLIIHUHQW�VSHFLHV�LQ�D�VWDQG��

6XFK�PRGHOLQJ�VWXGLHV�DUH�H[SHFWHG�WR�OHDG�WR�D�EHWWHU�XQGHUVWDQGLQJ�RI�2��HIIHFWV�RQ�PDWXUH

WUHHV�DQG�IRUHVWV�LQ�WKH�IXWXUH��

�� )RUHVW�DQG�(FRV\VWHPV�(IIHFWV

�3ODQW�SRSXODWLRQV�FDQ�EH�DIIHFWHG�E\�2��H[SRVXUH�SDUWLFXODUO\�ZKHQ�WKH\�FRQWDLQ�PDQ\

VHQVLWLYH�LQGLYLGXDOV��&KDQJHV�ZLWKLQ�VHQVLWLYH�SRSXODWLRQV��RU�VWDQGV��LI�WKH\�DUH�VHYHUH

HQRXJK��XOWLPDWHO\�FDQ�FKDQJH�FRPPXQLW\�DQG�HFRV\VWHP�VWUXFWXUH���7KLV�SURJUHVVLRQ�RI

HIIHFWV�LV�GHSLFWHG�LQ�)LJXUH�9,,����)LJXUH������IURP�WKH�&'����6WUXFWXUDO�FKDQJHV�WKDW�DOWHU�WKH

HFRV\VWHP�IXQFWLRQV�RI�HQHUJ\�IORZ�DQG�QXWULHQW�F\FOLQJ�FDQ�DUUHVW�RU�UHYHUVH�HFRV\VWHP

GHYHORSPHQW�

7KH�RQO\�NQRZQ�H[DPSOH�RI�WKH�DERYH�VHTXHQFH�RI�HYHQWV�RFFXUULQJ�LQ�ZKLFK�2��KDV

EHHQ�D�IXQGDPHQWDO�VWUHVVRU��LV�WKH�6DQ�%HUQDUGLQR�)RUHVW�HFRV\VWHP���7KLV�HFRV\VWHP�KDV



���

H[SHULHQFHG�FKURQLF�2��H[SRVXUHV�RYHU�D�SHULRG�RI����RU�PRUH�\HDUV���)URP������WR������WKH

DYHUDJH�GDLO\�PD[LPXP�IRU�WRWDO�R[LGDQWV�IRU�HDFK�PRQWK�ZDV�PHDVXUHG�DW�5LP�)RUHVW�������

IW����LQ�VRXWKHUQ�&DOLIRUQLD��ZKHUH�WKH�KLJKHVW�FRQFHQWUDWLRQV�DUH�XVXDOO\�UHFRUGHG���)RU�WKH

PRQWKV�RI�0D\�WKURXJK�$XJXVW��WKH�DYHUDJH�GDLO\�PD[LPXP�IRU�WRWDO�R[LGDQWV�ZHQW�IURP�D�ORZ

RI������SSP�LQ������WR�DSSUR[LPDWHO\������SSP�LQ�������ZLWK�FRQFHQWUDWLRQV�UDUHO\�JRLQJ

EHORZ������SSP�DW�QLJKW�DW�WKLV�HOHYDWLRQ���)RU�WKH�VDPH�SHULRG�WKH�WRWDO�QXPEHU�RI

KRXUV�PRQWK�H[FHHGLQJ������SSP�YDULHG�IURP�DURXQG���WR������2]RQH�FRQFHQWUDWLRQV�H[KLELWHG

D�F\FOLF�GLXUQDO�SDWWHUQ��ZLWK�WKH�PRQWKO\�DYHUDJH�RI�KRXUO\�YDOXHV�UDQJLQJ�IURP�,QVHUW�)LJXUH

9,,��



���

�����WR������SSP�DW�������DP�DQG�IURP������WR������SSP�DW������SP���7KH�SULPDU\�HIIHFW�RI

2��DW�WKHVH�KLJK�OHYHOV�ZDV�RQ�WKH�PRUH�VXVFHSWLEOH�PHPEHUV�RI�WKH�IRUHVW�FRPPXQLW\�

LQGLYLGXDOV�RI�SRQGHURVD�DQG�-HIIUH\�SLQH��WKDW�FRXOG�QR�ORQJHU�FRPSHWH�HIIHFWLYHO\�IRU

HVVHQWLDO�QXWULHQWV��ZDWHU��OLJKW�DQG�VSDFH���$V�D�FRQVHTXHQFH��WKHUH�ZDV�D�GHFOLQH�LQ�WKH

VHQVLWLYH�VSHFLHV��SHUPLWWLQJ�WKH�HQKDQFHG�JURZWK�RI�PRUH�WROHUDQW�VSHFLHV��0LOOHU�HW�DO��������

86�(3$��������������

)ROORZ�XS�VWXGLHV�RI�WKH�6DQ�%HUQDUGLQR�IRUHVW�HFRV\VWHP�GRQH�IURP������WR�����

UHSRUWHG�WKDW�WKH�PDMRU�FKDQJHV�LQ�WKH�HFRV\VWHP�EHJDQ�ZLWK�LQMXU\�WR�SRQGHURVD�DQG�-HIIUH\

SLQH���)ROLDU�LQMXU\��SUHPDWXUH�VHQHVFHQFH��DQG�QHHGOH�IDOO�GHFUHDVHG�WKH�SKRWRV\QWKHWLF

FDSDFLW\�RI�VWUHVVHG�SLQHV�DQG�UHGXFHG�WKH�SURGXFWLRQ�RI�FDUERK\GUDWHV�QHHGHG�IRU�JURZWK�DQG

UHSURGXFWLRQ�E\�WKH�WUHHV���'HFUHDVHG�FDUERK\GUDWH�SURGXFWLRQ�UHVXOWHG�LQ�D�GHFUHDVH�LQ�UDGLDO

JURZWK�DQG�LQ�KHLJKW�RI�VWUHVVHG�WUHHV���1XPHURXV�RWKHU�RUJDQLVPV�DQG�SURFHVVHV�ZHUH�DOVR

DIIHFWHG�HLWKHU�GLUHFWO\�RU�LQGLUHFWO\��LQFOXGLQJ�VXFFHVVLRQDO�SDWWHUQV�RI�IXQJDO�PLFURIORUD�DQG

WKHLU�UHODWLRQVKLS�WR�WKH�GHFRPSRVHU�FRPPXQLW\���1XWULHQW�DYDLODELOLW\�ZDV�LQIOXHQFHG�E\�WKH

FDUERQ�DQG�PLQHUDO�QXWULHQWV�DFFXPXODWHG�LQ�WKH�KHDY\�OLWWHU�DQG�WKLFN�QHHGOH�OD\HU�XQGHU

VWDQGV�ZLWK�WKH�PRVW�VHYHUH�QHHGOH�LQMXU\�DQG�GHIROLDWLRQ���$�FRPSDULVRQ�RI�VSHFLHV�RI�OLFKHQV

IRXQG�RQ�FRQLIHUV�GXULQJ�WKH�\HDUV������WR������ZLWK�FROOHFWLRQV�IURP�WKH�HDUO\�����
V

LQGLFDWHG�D�����UHGXFWLRQ�LQ�VSHFLHV�LQ�WKH�PRUH�UHFHQW�SHULRG�

7KH�VHTXHQFH�RI�HYHQWV�RFFXUULQJ�LQ�WKH�6DQ�%HUQDUGLQR�IRUHVW�FRQILUP�WKDW�DGHTXDWH�SURWHFWLRQ

RI�YHJHWDWLRQ�ZLOO�KDYH�LQGLUHFW�EHQHILWV�IRU�VRLOV��ZLOGOLIH�DQG�RWKHU�ZHOIDUH�FDWHJRULHV�

6WXGLHV�RQ�WKH�FRPELQHG�HIIHFW�RI�2��DQG�QLWURJHQ�WRJHWKHU��W\SLFDO�RI�WKH�FRQGLWLRQV�LQ

WKH�6DQ�%HUQDUGLQR�IRUHVW��KDYH�VKRZQ�WKDW�WKH�HIIHFW�RI�2��IRU�VRPH�VSHFLHV�LV�JUHDWHU�DW

KLJKHU�OHYHOV�RI�QLWURJHQ�WKDQ�DW�ORZ�OHYHOV�RI�QLWURJHQ���%HFDXVH�QLWURJHQ�DQG�VXOIXU

FRPSRXQGV�DOVR�RFFXU�LQ�WKH�SROOXWDQW�PL[WXUH�WR�ZKLFK�WKH�PRXQWDLQV�GRZQZLQG�RI�/RV

$QJHOHV�DUH�H[SRVHG��%\WQHURZLF]�HW�DO��������D��E��6RORPRQ�HW�DO����������WKLV�ILQGLQJ

VXJJHVWV�WKDW�SODQWV�JURZQ�ZLWK�D�KLJK�QLWURJHQ�VXSSO\�DUH�PRUH�VHQVLWLYH�WR�FKURQLF�2��VWUHVV

LQ�WHUPV�RI�ELRPDVV�UHGXFWLRQ��7MRHONHU�DQG�/X[PRRUH��������

6LQFH�WKH�SHULRG�ZKHQ�WKHVH�HDUOLHU�VWXGLHV�ZHUH�FRQGXFWHG��DLU�TXDOLW\�LQ�WKH�6DQ

%HUQDUGLQR�UHJLRQ�KDV�LPSURYHG���)RU�H[DPSOH��WKH�WRWDO�QXPEHU�RI�GD\V�\HDU�ZLWK

FRQFHQWUDWLRQV�JUHDWHU�WKDQ������SSP�ZDV�DV�KLJK�DV�����LQ�������ZKHUHDV�RQO\�����VXFK�GD\V



���

RFFXUUHG�LQ�������'DYLGVRQ����������)RU�WKH�SHULRG������WR�������WKHUH�ZDV�DQ�LPSURYHPHQW

VKRZQ�LQ�WKH�LQMXU\�LQGH[�XVHG�WR�GHVFULEH�FKURQLF�LQMXU\�WR�FURZQV�RI�SRQGHURVD�DQG�-HIIUH\

SLQHV�LQ����RI����SORWV�ORFDWHG�RQ�WKH�JUDGLHQW�RI�GHFUHDVLQJ�2��H[SRVXUH�LQ�WKH�6DQ�%HUQDUGLQR

0RXQWDLQV��0LOOHU�HW�DO�����������7ZR�H[FHSWLRQV�ZHUH�QRWHG�LQ�SORWV�ORFDWHG�DW�WKH�KLJKHVW

H[SRVXUH�HQG�RI�WKH�JUDGLHQW��ZKHUH�WKH�EDVDO�DUHD�LQFUHDVH�RI�SRQGHURVD�SLQH�ZDV�JHQHUDOO\

OHVV�WKDQ�FRPSHWLQJ�VSHFLHV���3RQGHURVD�DQG�-HIIHU\�SLQHV�LQ�SORWV�ZLWK�VOLJKW�WR�VHYHUH�FURZQ

LQMXU\�ORVW�EDVDO�DUHD�LQ�UHODWLRQ�WR�FRPSHWLQJ�VSHFLHV�WKDW�DUH�PRUH�WROHUDQW�WR�2���QDPHO\

ZKLWH�ILU��LQFHQVH�FHGDU��VXJDU�SLQH�DQG�&DOLIRUQLD�EODFN�RDN���,Q�HIIHFW��VWDQG�GHYHORSPHQW

ZDV�UHYHUVHG��DQG�WKH�GHYHORSPHQW�RI�WKH�QRUPDO�ILUH�FOLPD[�PL[WXUH�GRPLQDWHG�E\�SRQGHURVD

DQG�-HIIHU\�SLQH�ZDV�DOWHUHG���7KLV�DOORZHG�WKH�IRUPDWLRQ�RI�D�IXHO�ODGGHU�WKDW�FRXOG�MHRSDUGL]H

WKH�UHPDLQLQJ�RYHUVWRU\�WUHHV�LQ�WKH�HYHQW�RI�D�FDWDVWURSKLF�ILUH���&RQWLQXHG�PRQLWRULQJ�RI�WKLV

V\VWHP�LV�QHHGHG�WR�GHWHUPLQH�LI�GHFOLQLQJ�2��ZRXOG�HYHQWXDOO\�DOORZ�SRQGHURVD�DQG�-HIIHU\

SLQH�WR�UHVXPH�GRPLQDQFH�LQ�EDVDO�DUHD�

$Q�H[DPSOH�RI�WKH�FRQVHTXHQFHV�RI�ORVLQJ�D�GRPLQDQW�VSHFLHV�LQ�HDVWHUQ�IRUHVWV�LV�WKH

HOLPLQDWLRQ�RI�WKH�$PHULFDQ�FKHVWQXW�IURP�HDVWHUQ�GHFLGXRXV�IRUHVWV�LQ�1RUWK�$PHULFD�GXULQJ

WKH�ILUVW�KDOI�RI�WKLV�FHQWXU\��7D\ORU�DQG�1RUE\����������%HIRUH�WKH�EOLJKW��$PHULFDQ�FKHVWQXW

FRPSULVHG����WR�����RI�WKH�FDQRS\�LQ�HDVWHUQ�7HQQHVVHH���$�IXOO�KDOI�FHQWXU\�ODWHU�UHFRYHU\

SDWWHUQV�DUH�FRPSOH[��ZLWK�VL[�GLVWLQFW�VXFFHVVLRQDO�IRUHVW�W\SHV�RFFXS\LQJ�IRUPHU�$PHULFDQ

FKHVWQXW�VLWHV���7KXV��LW�ZRXOG�DSSHDU�WKDW�WKH�QDWXUH�RI�FRPPXQLW\�G\QDPLFV��SDUWLFXODUO\�LQ

PL[HG�VSHFLHV��XQHYHQ�DJHG�VWDQGV��LQGLFDWHV�WKDW�VXEWOH�ORQJ�WHUP�IRUHVW�UHVSRQVHV��H�J���VKLIWV

LQ�VSHFLHV�FRPSRVLWLRQ��WR�HOHYDWHG�OHYHOV�RI�D�FKURQLF�VWUHVV�OLNH�H[SRVXUH�WR�2��DUH�PRUH

OLNHO\�WKDQ�ZLGH�VSUHDG�FRPPXQLW\�GHJUDGDWLRQ��6KDYHU�HW�DO���������



���

'LHEDFN�RI�WKH�VSUXFH�ILU�IRUHVWV�LQ�WKH�$SSDODFKLDQ�PRXQWDLQV�KDV�EHHQ�DWWULEXWHG�WR

PDQ\�FDXVHV��ZLWK�2��VRPHWLPHV�OLVWHG���7KRXJK�WKLV�KLJK�HOHYDWLRQ�IRUHVW�LV�H[SRVHG�WR�D

EURDG�UDQJH�RI�DLU�SROOXWLRQ�VWUHVVHV��WKH�PDLQ�FXOSULW�RI�WKH�GLHEDFN�IRU�0W��0LWFKHOO�LV�DOZD\V

VWDWHG�DV�WKH�EDOVDP�ZRRO\�DGHOJLG��DQ�LQVHFW���7KHUH�KDYH�EHHQ�QR�VWXGLHV�GRQH�WR�VKRZ�LQVHFW

SUHIHUHQFH�IRU�2��GDPDJHG�WUHHV�LQ�WKLV�V\VWHP�RU�WKDW�2��KDG�ZHDNHQHG�WUHHV�DWWDFNHG�E\�WKH

LQVHFW���+RZHYHU��JLYHQ�WKDW�2��FDQ�SUHGLVSRVH�VRPH�SODQWV�WR�LQVHFW�DWWDFN��DQG�FRQVLGHULQJ

WKH�H[DPSOH�RI�VXFK�D�FRQQHFWLRQ�LQ�WKH�6DQ�%HUQDUGLQR�)RUHVW�LQ�&DOLIRUQLD��VWDII�EHOLHYHV�WKLV

SRVVLELOLW\�GHVHUYHV�IXUWKHU�VWXG\�

(� %LRORJLFDOO\�5HOHYDQW�0HDVXUHV�RI�2]RQH�([SRVXUH

7KH�&'�OLVWV�D�QXPEHU�RI�H[SRVXUH�LQGLFHV�WKDW�KDYH�EHHQ�XVHG�LQ�YHJHWDWLRQ�UHVHDUFK��

7KHVH�PHDVXUHV�YDU\�FRQVLGHUDEO\�LQ�WKHLU�DELOLW\�WR�FDSWXUH�ELRORJLFDOO\�UHOHYDQW�DVSHFWV�RI�2�

H[SRVXUH�WKDW�KDYH�EHHQ�VKRZQ�RU�WKHRUL]HG�WR�KDYH�WKH�JUHDWHVW�SRWHQWLDO�WR�LQIOXHQFH�SODQW

UHVSRQVH��WKXV�PDNLQJ�LW�GLIILFXOW�WR�FRPSDUH�VWXG\�UHVXOWV�WKDW�DUH�H[SUHVVHG�XVLQJ�GLIIHUHQW

LQGLFHV���7KHUHIRUH��D�GLVFXVVLRQ�RI�WKH�FXUUHQW�VFLHQWLILF�XQGHUVWDQGLQJ�RI�H[SRVXUH�G\QDPLFV

DQG�KRZ�GLIIHUHQW�LQGH[�IRUPV�FDSWXUH�WKHVH�H[SRVXUH�IHDWXUHV�LV�GHVFULEHG�EHORZ���7KLV

LQIRUPDWLRQ��LQ�FRPELQDWLRQ�ZLWK�WKH�LQIRUPDWLRQ�RQ�ZHOIDUH�HIIHFWV�GLVFXVVHG�LQ�WKH�SUHFHGLQJ

VHFWLRQ��SHUPLWV�WKH�HYDOXDWLRQ�RI�SODQW�UHVSRQVH�UHODWLYH�WR�2��H[SRVXUH�OHYHOV��SDWWHUQV��DQG

GXUDWLRQ�

�� %LRORJLFDO�&RQVLGHUDWLRQV

7KH�LQIRUPDWLRQ�GLVFXVVHG�LQ�WKH�SUHYLRXV�VHFWLRQV�GHVFULEHV�WKH�SODQW�SURFHVVHV�WKDW

FDQ�EH�LPSDFWHG�E\�2��RQFH�LW�HQWHUV�WKH�OHDI��DQG�WKH�ZD\V�D�SODQW�FDQ�SURWHFW�LWVHOI�LQ�VRPH

FDVHV�IURP�2��LQMXU\�WKURXJK�VWRPDWDO�FRQWURO��DQWLR[LGDQW�SURGXFWLRQ��RU�FRPSHQVDWLRQ��

$GGLWLRQDOO\��QXPHURXV�VRXUFHV�RI�YDULDELOLW\�XQFHUWDLQW\��H�J���ELRORJLFDO��FKHPLFDO��SK\VLFDO�

DQG�H[SHULPHQWDO��ZHUH�SUHVHQWHG�WKDW�PXVW�EH�FRQVLGHUHG�ZKHQ�H[SODLQLQJ�VWXG\�UHVXOWV�RU

FRPSDULQJ�RQH�VWXG\�VFHQDULR�WR�RWKHU�VWXGLHV�GRQH�XQGHU�D�GLIIHUHQW�VHW�RI�FRQGLWLRQV���7KXV�

LQ�WKH�GLVFXVVLRQV�EHORZ�RI�WKH�IHDWXUHV�RI�2��H[SRVXUH��H�J���FRQFHQWUDWLRQ��GXUDWLRQ��WLPLQJ�

DQG�H[SRVXUH�SDWWHUQ��WKDW�LQIOXHQFH�SODQW�XSWDNH��LW�LV�LPSRUWDQW�WR�UHPHPEHU�WKDW�WKH

PDJQLWXGH�RI�WKH�SODQW�UHVSRQVH�ZLOO�EH�PRGLILHG�E\�WKH�HQYLURQPHQWDO�DQG�ELRORJLFDO�FRQWH[W

LQ�ZKLFK�WKHVH�H[SRVXUHV�RFFXU���

2QH�PHDVXUH��2��XSWDNH��DFFRXQWV�IRU�ERWK�WKH�ELRORJLFDO�DQG�DLU�TXDOLW\�IHDWXUHV����2I
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DOO�WKH�DYDLODEOH�H[SRVXUH�PHDVXUHV�LGHQWLILHG��2��XSWDNH�PRVW�FORVHO\�UHODWHV�WR�2��GRVH�ZKLFK

LV�WKH�FRQFHQWUDWLRQ�DQG�GXUDWLRQ�RI�WKH�2��H[SRVXUH�WKDW�LV�WDNHQ�XS�E\�WKH�SODQW�DQG�DFWXDOO\

UHDFKHV�WKH�WDUJHW�WLVVXH���+RZHYHU��EHFDXVH�XSWDNH�GHSHQGV�RQ�VR�PDQ\�VSHFLHV��DQG�VLWXDWLRQ�

VSHFLILF�YDULDEOHV��LW�LV�YHU\�GLIILFXOW�WR�PHDVXUH�DQG�QRW�SDUWLFXODUO\�XVHIXO�DV�D�EDVLV�IRU

VWDQGDUG�VHWWLQJ���$V�D�UHVXOW��UHVHDUFKHUV�KDYH�IRFXVHG�WKHLU�UHVHDUFK�RQ�LGHQWLI\LQJ�VXLWDEOH

VXUURJDWH�H[SRVXUH�LQGLFHV�IRU�SODQW�UHVSRQVH�WR�2��

([SRVXUH�'XUDWLRQ���,Q�FRPSDULVRQV�RI�UHSOLFDWH�VWXGLHV�RI�YDU\LQJ�GXUDWLRQ�LQ�ZKLFK

2��ZDV�GHWHUPLQHG�WR�EH�WKH�SULPDU\�FDXVH�RI�YDULDWLRQ�LQ�SODQW�UHVSRQVH��JUHDWHU�UHGXFWLRQV�LQ

\LHOG��UHSURGXFWLRQ��RU�JURZWK�RFFXUUHG�WR�SODQWV�H[SRVHG�IRU�WKH�ORQJHU�GXUDWLRQ��/HH�HW�DO��

������2OV]\N�HW�DO���������$GDURV�HW�DO�����������/LNHZLVH��ZLWK�UHVSHFW�WR�IROLDU�LQMXU\�

-DFREVRQ�LGHQWLILHG�OLPLWLQJ�YDOXHV�IRU�FURSV�DQG�WUHHV�ZKLFK�VKRZHG�WKDW�DV�WLPH�RI�H[SRVXUH

ZDV�H[WHQGHG��OHVV�2��ZDV�QHHGHG�WR�SURGXFH�WKH�VDPH�UHVSRQVH��-DFREVRQ���������

$GGLWLRQDOO\��WKLV�UHODWLRQVKLS�EHWZHHQ�GXUDWLRQ�RI�2��H[SRVXUH�DQG�SODQW�UHVSRQVH�KDV�DOVR

EHHQ�VXSSRUWHG�EDVHG�RQ�VWDWLVWLFDO�DQDO\VHV��LQ�ZKLFK�LQGLFHV�WKDW�DFFRXQWHG�IRU�WKH�OHQJWK�RI

H[SRVXUH�ZHUH�EHWWHU�DEOH�WR�UDQN�YHJHWDWLRQ�HIIHFWV�WKDQ�WKRVH�ZKLFK�GLG�QRW�WDNH�WKH�GXUDWLRQ

RI�H[SRVXUH�LQWR�DFFRXQW��/HH�HW�DO�����������/HIRKQ��������DQG�/HIRKQ�HW�DO�������E��FRQFOXGH

WKDW�GXUDWLRQ�KDV�YDOXH�LQ�H[SODLQLQJ�YDULDWLRQ�LQ�SODQW�UHVSRQVH�DQG�WKDW�D�FXPXODWLYH�W\SH

LQGH[�LV�SUHIHUUHG�RYHU�D�PHDQ�RU�SHDN�LQGH[�EDVHG�RQ�VWDWLVWLFDO�ILW���7KXV��DQ�LQGH[�WKDW

FXPXODWHV�2��H[SRVXUHV�RYHU�WKH�SHULRG�RI�SODQW�VHQVLWLYLW\�LV�GHVLUDEOH���

'HVSLWH�GLIIHUHQFHV�LQ�WKH�SHULRG�RI�SODQW�VHQVLWLYLW\�DFURVV�VSHFLHV��D�FRQVWDQW�GXUDWLRQ

RYHU�ZKLFK�WR�FXPXODWH�H[SRVXUH�PXVW�EH�GHILQHG�LQ�RUGHU�WR�VHW�D�QDWLRQDOO\�FRQVLVWHQW

VWDQGDUG��8QGHU�WKH�FXUUHQW�VHFRQGDU\�1$$46��WKH�WLPHIUDPH�RI�FRQFHUQ��VHDVRQ�RI�KLJKHVW

2��SURGXFWLRQ��YDULHV�IURP�VWDWH�WR�VWDWH�DQG�PD\�FRQVLVW�RI�DQ\ZKHUH�IURP���WR����PRQWKV��

/HH�HW�DO���������DQDO\]HG�DLU�TXDOLW\�IURP����QRQ�XUEDQ�VLWH�\HDUV�RI�DPELHQW�2��GDWD�DFURVV

WKH�8�6���([SRVXUH�SDWWHUQV�IRU�WKH����QRQ�XUEDQ�VLWH�\HDUV�KDYH�VLPLODU�ORQJ�WHUP�DYHUDJHV

EXW�GLIIHU�ZLGHO\�LQ�KRZ�WKH�2��FRQFHQWUDWLRQV�DUH�GLVWULEXWHG�ZLWKLQ�WKH�2��VHDVRQ���:KHQ�WKH

VDPH�IL[HG�FRQVHFXWLYH�WKUHH�PRQWK�PHDVXUHPHQW�SHULRG�GXULQJ�WKH�2��VHDVRQ�ZDV�XVHG�IRU

HYHU\�DUHD��OHVV�WKDQ�����RI�WKH�FRQFHQWUDWLRQV�RI������SSP�RU�KLJKHU�ZHUH�FDSWXUHG���%\

XVLQJ�LQVWHDG�D�IORDWLQJ�PD[LPXP�FRQVHFXWLYH�WKUHH��RU�IRXU�PRQWK�WLPH�SHULRG�DW�HDFK�VLWH

ZLWKLQ�WKH�2��VHDVRQ��XS�WR�����DQG�����RI�WKH�SHDN�FRQFHQWUDWLRQV�ZHUH�FDSWXUHG�
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UHVSHFWLYHO\��

7KRXJK�IRU�PRVW�DJULFXOWXUDO�VSHFLHV�WKH�JURZLQJ�VHDVRQ�LV�RQO\�DSSUR[LPDWHO\��

PRQWKV��LW�KDV�EHHQ�VXJJHVWHG�WKDW�WUHHV�RU�RWKHU�SHUHQQLDO�VSHFLHV�PD\�UHTXLUH�FXPXODWLRQ�RI

H[SRVXUH�RYHU�D�ORQJHU�JURZLQJ�VHDVRQ��H�J�����PRQWKV��LQ�RUGHU�WR�LQFOXGH�WKH�PRVW�UHOHYDQW

H[SRVXUHV���+RZHYHU��JLYHQ�WKDW�WKH�LPSRUWDQFH�RI�D�ORQJHU�VHDVRQDO�SHULRG�IRU�WUHHV�KDV�QRW

\HW�EHHQ�DGHTXDWHO\�LQYHVWLJDWHG��DQG�WKH�PD[LPXP�FRQVHFXWLYH�WKUHH�PRQWK�SHULRG�FDSWXUHV

DURXQG����WKV�RI�H[SRVXUHV�WR�FRQFHQWUDWLRQV�DERYH������SSP��WKH�VWDII�MXGJHV�WKDW�WKH

PD[LPXP���PRQWK�SHULRG�LV�DQ�DSSURSULDWH�VXUURJDWH�IRU�WKH�HQWLUH�2��VHDVRQ��

$Q�DGGLWLRQDO�DVSHFW�RI�GXUDWLRQ�LQYROYHV�FRQVLGHUDWLRQ�RI�WKH�\HDU�WR�\HDU

PHWHRURORJLFDO�YDULDELOLW\�ZKLFK�FDQ�SURGXFH�ZLGHO\�YDU\LQJ�2��OHYHOV���7KLV�DVSHFW�FDQ�EH

DGGUHVVHG�E\�FRQVLGHULQJ�DYHUDJLQJ�VHDVRQDO�H[SRVXUHV�RYHU�PXOWLSOH�\HDUV���%HFDXVH�DQQXDOV

JR�WKURXJK�WKHLU�HQWLUH�OLIH�F\FOH�ZLWKLQ�D�SHULRG�RI�RQH�\HDU��DQ�DSSURSULDWH�VHFRQGDU\

VWDQGDUG�IRU�DQQXDOV�PXVW�EH�DEOH�WR�SURYLGH�SURWHFWLRQ�RQ�D�\HDU�E\�\HDU�EDVLV���,Q�DGGLWLRQ�

UHFHQW�VHHGOLQJ�UHVHDUFK�KDV�VKRZQ�WKDW�VRPH�SHUHQQLDOV�DOVR�VKRZ�VLJQLILFDQW�JURZWK�HIIHFWV

IURP�2��ZLWKLQ�DQ�DQQXDO�WLPHIUDPH���/LNHZLVH��IROLDU�LQMXU\�WR�VHQVLWLYH�WUHHV�LQ�&ODVV�,�DUHDV

RIWHQ�UHVXOWV�IURP�VKRUW�WHUP�DFXWH�DQQXDO�H[SRVXUHV���$GGLWLRQDO�DQDO\VHV�ZRXOG�EH�QHHGHG�WR

H[SORUH�WKH�LPSDFW�RI�PHWHRURORJLFDO�YDULDELOLW\�RQ�VHDVRQDO�H[SRVXUH�LQGLFHV�EHIRUH�D�PXOWL�

\HDU�DYHUDJH�FRXOG�EH�HYDOXDWHG�ZLWK�UHVSHFW�WR�LWV�DELOLW\�WR�SURYLGH�\HDU�E\�\HDU�SURWHFWLRQ�

6HDVRQDO�SDWWHUQV�RI�H[SRVXUH���7KH�VHQVLWLYLW\�RI�DQQXDO�VSHFLHV�WR�2��FDQ�YDU\�ZLWKLQ

WKH�VDPH�JURZLQJ�VHDVRQ�GXH�WR�FKDQJHV�LQ�SKHQRORJ\��SODQW�GHYHORSPHQWDO�VWDJH����)RU

1&/$1�FURSV��/HH�HW�DO���������WHVWHG�YDULRXV�SKHQRORJLFDOO\�ZHLJKWHG�IXQFWLRQV�IRU�WKHLU�ILW

WR�1&/$1�GDWD���2XW�RI�WZR�H[SRQHQWLDO�DQG����JDPPD�SKHQRORJLFDO�IXQFWLRQV��WKH�JDPPD

IXQFWLRQ�ZKLFK�KDG�WKH�KLJKHVW�ZHLJKW�GXULQJ�WKH�WLPH�SHULRG�EHWZHHQ�������GD\V�EHIRUH

KDUYHVW�UHVXOWHG�LQ�WKH�EHVW�ILW����7KHVH�VWDWLVWLFV�PLUURU�WKH�ELRORJLFDO�ILQGLQJ�WKDW�2��FDQ

QHJDWLYHO\�HIIHFW�GLIIHUHQW�DVSHFWV�RI�SODQW�UHSURGXFWLRQ��9HQQH�HW�DO���������)HGHU�������

.UDXVH�HW�DO���������(UQVW�HW�DO���������+RXVWRQ�DQG�'RFKLQJHU����������,QFUHDVHG�VHQVLWLYLW\

RI�UHSURGXFWLYH�SURFHVVHV�KDV�LPSOLFDWLRQV�IRU�\LHOG�RXWSXWV��JHQHWLF�VXFFHVV��DQG�DHVWKHWLFV

�IORZHU�SURGXFWLRQ��IRU�RUQDPHQWDOV���7KLV�LQFUHDVH�LQ�UHSURGXFWLYH�VHQVLWLYLW\�KDV�QRW�EHHQ

IRXQG�LQ�DOO�WHVWHG�FDVHV��LQGLFDWLQJ�WKDW�SKHQRORJ\�LV�VSHFLHV�GHSHQGHQW���0RUH�LQIRUPDWLRQ�RQ

D�ZLGHU�UDQJH�RI�VSHFLHV�ZRXOG�EH�QHHGHG�EHIRUH�D�SKHQRORJLFDOO\�EDVHG�LQGH[�VXLWDEOH�IRU
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QDWLRQDO�VWDQGDUG�VHWWLQJ�FRXOG�EH�HVWDEOLVKHG���%DVHG�RQ�WKH�DYDLODEOH�LQIRUPDWLRQ��WKH�VWDII

MXGJHV�WKDW�WKH�PD[LPXP�FRQVHFXWLYH�WKUHH�PRQWK�WLPH�SHULRG�ZLWKLQ�H[LVWLQJ�2��VHDVRQV�ZLOO

OLNHO\�LQFOXGH�WKH�VHQVLWLYH�SKHQRORJLFDO�VWDJHV�LQ�DQQXDOV�LQ�PRVW�FDVHV�

([SRVXUH�&RQFHQWUDWLRQV���$V�KDV�EHHQ�VWDWHG�HDUOLHU��WKHUH�LV�QR�WKUHVKROG�2�

FRQFHQWUDWLRQ�RU�VHDVRQDO�H[SRVXUH�OHYHO�DERYH�ZKLFK�HIIHFWV�RFFXU�DQG�EHORZ�ZKLFK�WKH\�GR

QRW�IRU�DOO�VSHFLHV���2YHU�WKH�\HDUV��PDQ\�VWXGLHV�KDYH�VKRZQ�WKDW��GHSHQGLQJ�RQ�WKH�GXUDWLRQ

RI�H[SRVXUHV�DQG�VHQVLWLYLW\�RI�WKH�SODQWV��LQMXU\�WR�FURSV�DQG�RWKHU�YHJHWDWLRQ�FRXOG�RFFXU

ZKHQ�H[SRVHG�WR�2��FRQFHQWUDWLRQV�WKDW�UDQJHG�IURP������WR�����SSP��ZLWK�KLJKHU

FRQFHQWUDWLRQV�XVXDOO\�FDXVLQJ�LQMXU\�LQ�WKH�VKRUWHVW�SHULRG�RI�WLPH��&'����������7KLV�LV�GXH�WR

WKH�NQRZQ�PRGH�RI�DFWLRQ�RI�2��GHVFULEHG�LQ�VHFWLRQ�9,,�%�WKDW�YHJHWDWLRQ�HIIHFWV�RFFXU�ZKHQ

WKH�DPRXQW�RI�SROOXWDQW�DEVRUEHG�H[FHHGV�WKH�DELOLW\�RI�WKH�SODQW�WR�GHWR[LI\�2��RU�UHSDLU�WKH

LQLWLDO�LPSDFW��7LQJH\�DQG�7D\ORU�����������%HFDXVH�PDQ\�IDFWRUV�LQIOXHQFH�WKH�DPRXQW�RI�2�

WKDW�LV�DEVRUEHG�E\�D�SODQW�DW�DQ\�JLYHQ�WLPH��LW�LV�LPSRVVLEOH�WR�VWDWH�ZLWK�FHUWDLQW\�WKDW�D�JLYHQ

FRQFHQWUDWLRQ�ZLOO�KDYH�D�NQRZQ�LPSDFW�RQ�WKH�SODQW�XQOHVV�DOO�RWKHU�IDFWRUV�KDYH�EHHQ

DFFRXQWHG�IRU��

2YHU�WKH�ODVW�VHYHUDO�GHFDGHV��UHVHDUFK�KDV�FRQWLQXHG�WR�DGYDQFH�WKH�XQGHUVWDQGLQJ�RI

WKH�FRPSOH[LW\�RI�LQWHUDFWLRQ�EHWZHHQ�2��DLU�TXDOLW\�DQG�H[SRVXUH�G\QDPLFV�DQG�WLPLQJ�RI�SODQW

VHQVLWLYLWLHV����8QWLO�WKH�HDUO\�����
V��VHDVRQDO�PHDQV�ZHUH�FRPPRQO\�XVHG�WR�FKDUDFWHUL]H�WKH

2��H[SRVXUH�EHOLHYHG�WR�EH�UHOHYDQW�WR�SODQW�UHVSRQVH���+RZHYHU��/DUVHQ�DQG�+HFN�������

PDWKHPDWLFDOO\�VKRZHG�WKDW�LW�ZDV�SRVVLEOH�IRU�WZR�DLU�VDPSOLQJ�VLWHV�ZLWK�WKH�VDPH�GD\WLPH

DULWKPHWLF�PHDQ�2��FRQFHQWUDWLRQ�WR�H[SHULHQFH�GLIIHUHQW�HVWLPDWHG�FURS�UHGXFWLRQV���$W�DERXW

WKH�VDPH�WLPH��FRQFHUQV�DERXW�XVLQJ�WKH�ORQJ�WHUP�DYHUDJH�WR�VXPPDUL]H�2��H[SRVXUHV�EHJDQ

DSSHDULQJ�LQ�WKH�OLWHUDWXUH��VSHFLILFDOO\�WKDW�SHDN�FRQFHQWUDWLRQV��ZKLFK�VRPH�EHOLHYHG�PLJKW�EH

WKH�PRVW�LPSRUWDQW�LQ�GHWHUPLQLQJ�SODQW�UHVSRQVH��ZHUH�QRW�DGHTXDWHO\�DFFRXQWHG�IRU�E\�D

PHDQ�H[SRVXUH�LQGH[��&'����������

6LQFH�WKDW�WLPH�VHYHUDO�VWXGLHV�KDYH�DWWHPSWHG�WR�UHODWH�2��H[SRVXUH�WR�SODQW�UHVSRQVH��

8QIRUWXQDWHO\��QR�WZR�VWXGLHV�KDYH�H[SRVHG�SODQWV�LQ�WKH�VDPH�PDQQHU�RU�XQGHU�VLPLODU

FRQGLWLRQV�VR�WKDW�WKH�GDWD�IURP�HDFK�VWXG\�LV�XQLTXH���([SRVXUH�PHWKRGV��FRQFHQWUDWLRQV�DQG

GXUDWLRQV�XVHG��DJH�RI�SODQWV�DW�H[SRVXUH��OHQJWK�RI�H[SRVXUH��WKH�SODQWV�H[SRVHG�DQG�WKH�PHGLD

LQ�ZKLFK�WKH\�ZHUH�JURZQ�DOO�GLIIHU�DFURVV�H[SHULPHQWV���6RPH�H[SRVXUHV�ZHUH�LQ�FKDPEHUV�LQ
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WKH�JUHHQKRXVH��RWKHUV�LQ�RSHQ�WRS�FKDPEHUV�DQG�RWKHUV�LQ�WKH�DPELHQW�DLU���7KRXJK�WKH�UHVXOWV

LQ�JHQHUDO�KDYH�EHHQ�LQFRQFOXVLYH��WZR�GLIIHUHQW�YLHZSRLQWV�KDYH�HPHUJHG��

2QH�VHW�RI�VWXGLHV��LQFOXGLQJ�0XVVHOPDQ�HW�DO����������������������DQG�+RJVHWW�HW�DO�

�����E��ILQG�HYLGHQFH�WR�VXSSRUW�WKH�YLHZ�WKDW�SHDN�FRQFHQWUDWLRQV�DUH�LPSRUWDQW�LQ�GHILQLQJ�DQ

H[SRVXUH�LQGH[���0XVVHOPDQ�HW�DO��������DQG�+RJVHWW�HW�DO�������E��ZHUH�DPRQJ�WKH�ILUVW�WR

GHPRQVWUDWH�WKDW�YDULDEOH�FRQFHQWUDWLRQV�SURGXFHG�JUHDWHU�HIIHFW�RQ�SODQW�JURZWK�WKDQ�IL[HG�RU

VHW�GLXUQDO�SDWWHUQV�RI�H[SRVXUH�RI�HTXDO�WRWDO�H[SRVXUH�ZLWK�ORZHU�SHDN�FRQFHQWUDWLRQV��

6XEVHTXHQWO\��0XVVHOPDQ�HW�DO���������DQG�0XVVHOPDQ�HW�DO���������IRXQG�WKDW�SDWWHUQV�ZLWK

KLJKHU�SHDN�FRQFHQWUDWLRQV�RU�ORQJHU�GXUDWLRQ�RI�KLJKHU�FRQFHQWUDWLRQV�SURGXFHG�VLJQLILFDQWO\

JUHDWHU�HIIHFW�RQ�WRS�GU\�ZHLJKW��NLGQH\�EHDQ��WKDQ�WKH�VTXDUH�ZDYH�SDWWHUQ���7KHVH�UHVXOWV

SURYLGH�HYLGHQFH�WKDW����WRWDO�H[SRVXUH��L�H��680�����EHLQJ�XQDEOH�WR�GLIIHUHQWLDWH�DPRQJ�WKH

H[SRVXUH�SDWWHUQV��LV�D�SRRU�SUHGLFWRU�RI�SODQW�UHVSRQVH�����WKH�SHDN�FRQFHQWUDWLRQV�RU�VHTXHQFH

RI�SHDN�FRQFHQWUDWLRQV��!������SSP��DUH�LPSRUWDQW�LQ�GHWHUPLQLQJ�SODQW�UHVSRQVH��DQG���

JUHDWHU�ZHLJKW�VKRXOG�EH�JLYHQ�WR�KLJKHU�FRQFHQWUDWLRQV�ZKHQ�GHVFULELQJ�H[SRVXUH���7KRXJK

WKH�+RJVHWW�HW�DO�������E�VWXG\�FRQWDLQHG�ERWK��PLG�UDQJH��DQG��SHDN��FRQFHQWUDWLRQV�

0XVVHOPDQ��HW�DO���������������DQG��������XVHG�H[SRVXUH�OHYHOV�FRQWDLQLQJ�SHDNV�WKDW�JUHDWO\

H[FHHG�WKRVH�LQ�DQ\�RI�WKH�RWKHU�H[SRVXUH�VWXGLHV�RU�LQ�DPELHQW�DLU��SRVVLEO\�LQIOXHQFLQJ�WKHLU

ILQGLQJV�RQ�WKH�LPSRUWDQFH�RI�SHDNV�LQ�GHWHUPLQLQJ�SODQW�UHVSRQVH��� 7KH�DERYH�ILQGLQJV

ZHUH�IXUWKHU�LQYHVWLJDWHG�IRU�WUHH�VHHGOLQJV���+RJVHWW�DQG�7LQJH\��������H[SRVHG�SRQGHURVD

SLQH�DQG�DVSHQ�VHHGOLQJV�WR�WKUHH�GLIIHUHQW�H[SRVXUH�UHJLPHV�DQG�REVHUYHG�JUHDWHU�JURZWK

UHGXFWLRQV�LQ�WKH�HSLVRGLF�H[SRVXUH�SDWWHUQ��ZKLFK�KDG�WKH�ODUJHVW�SHDN�FRQFHQWUDWLRQV�RI�WKH

WKUHH�SDWWHUQV���7KH�VPDOOHVW�JURZWK�UHGXFWLRQV�LQ�ERWK�VSHFLHV�ZHUH�REVHUYHG�ZLWK�WKH�PRUH

FRQVWDQW�KLJK�HOHYDWLRQ�SDWWHUQ�WKDW�KDG�SHDN�FRQFHQWUDWLRQV�EHORZ������SSP���7KH�DXWKRUV

FRQFOXGHG�WKDW�WHPSRUDO�SDWWHUQ�DQG�FRQFHQWUDWLRQ�ZHUH�LPSRUWDQW�LQ�LQIOXHQFLQJ�ORQJ�WHUP

JURZWK�UHVSRQVH�RI�WUHH�VHHGOLQJV��MXVW�DV�LQ�FURSV��DQG��FRQVHTXHQWO\��VKRXOG�EH�FRQVLGHUHG�LQ

PHDVXUHV�RI�H[SRVXUH��

2WKHU�SXEOLFDWLRQV�WKDW�KDYH�EHHQ�FLWHG�DV�HYLGHQFH�VXSSRUWLQJ�WKH�LPSRUWDQFH�RI�KLJK

FRQFHQWUDWLRQV�LQ�HOLFLWLQJ�SODQW�UHVSRQVH�DUH�D�VHULHV�RI�UHWURVSHFWLYH�VWXGLHV�UHSRUWLQJ

UHJUHVVLRQ�UHVXOWV�XVLQJ�GDWD�IURP�WKH�1&/$1�SURJUDP��/HH�HW�DO���������������/HIRKQ�HW�DO��

����D��7LQJH\�HW�DO�����������7KHVH�VWXGLHV�ZHUH�LQ�JHQHUDO�DJUHHPHQW�DQG�FRQVLVWHQWO\�IDYRUHG
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WKH�XVH�RI�FXPXODWLYH�SHDN�ZHLJKWHG�H[SRVXUH�LQGLFHV���+RZHYHU��/HIRKQ�DQG�)ROH\
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�������QRWH�WKDW�WKH�KLJK�QXPEHU�RI�KRXUO\�2��FRQFHQWUDWLRQV�DERYH������SSP�LQ�WKH�1&/$1

SURWRFRO�PD\�SUHYHQW�JHQHUDOL]DWLRQ�RI�WKHVH�ILQGLQJV�WR�RWKHU�W\SHV�RI�H[SRVXUH�UHJLPHV�

2Q�WKH�RWKHU�KDQG��7RQQHLMFN�DQG�%XJWHU���������7RQQHLMFN���������DQG�.UXSD�HW�DO��

�������������������VWUHVV�WKH�YLHZ�WKDW�PLG�OHYHO�������WR������SSP��FRQFHQWUDWLRQV�DUH�DV

HTXDOO\�LPSRUWDQW�DV�KLJKHU�KRXUO\�FRQFHQWUDWLRQV�LQ�DIIHFWLQJ�YHJHWDWLRQ����.UXSD��������VWDWHV

WKDW�LQ�WKHLU�DQDO\VHV�RI�(XURSHDQ�GDWD���FRQFHQWUDWLRQV�!����SSE�������SSP��DSSHDUHG�WR�EH

RI�OLWWOH�LPSRUWDQFH�EHFDXVH�VXFK�FRQFHQWUDWLRQV�LQ�JHQHUDO�DSSHDU�WR�RFFXU�GXULQJ�DWPRVSKHULF

FRQGLWLRQV�ZKLFK�GLG�QRW�IDFLOLWDWH�����XSWDNH�����0RVW�RI�WKH�VWXGLHV�OLVWHG�DERYH�EDVH�WKHLU

FRQFOXVLRQV�RQ�WKH�IROLDU�LQMXU\�UHVSRQVH�RI�%HO�:���WREDFFR��ZKLFK�KDV�EHHQ�QRWHG�LQ

QXPHURXV�HDUOLHU�VWXGLHV�WR�KDYH�DQ�LQFRQVLVWHQW�UHODWLRQVKLS�ZLWK�2��DLU�TXDOLW\���7KH�DXWKRUV

7RQQHLMFN�DQG�%XJWHU��������DQG�7RQQHLMFN��������DOVR�DFNQRZOHGJH�WKLV�GHILFLHQF\�DQG�VWDWH

WKDW��IROLDU�LQMXU\�RQ�WREDFFR�%HO�:��ZDV�SRRUO\�UHODWHG�WR�WKH�DPELHQW�2��LQ�WKH�1HWKHUODQGV��

�)XUWKHU�FRPSOLFDWLQJ�WKH�LQWHUSUHWDWLRQ�RI�WKHLU�UHVXOWV��WKH�SDSHUV�GR�QRW�FLWH�WKH�DFWXDO�2�

FRQFHQWUDWLRQV�WR�ZKLFK�WKH�SODQWV�ZHUH�H[SRVHG��H[FHSW�DV�PHDQ�YDOXHV���7KH������&'

FRQFOXGHV�WKDW�EDVHG�RQ�WKH�NQRZQ�LQFRQVLVWHQF\�RI�%HO�:���WKH�FRQFOXVLRQV�SUHVHQWHG�E\

.UXSD�HW�DO��������QHHGHG�WR�EH�YHULILHG��

$V�VWDWHG�HDUOLHU�XQGHU�VHFWLRQ�9,,�%����VWRPDWDO�FRQGXFWDQFH�LV�LQIOXHQWLDO�LQ

GHWHUPLQLQJ�WKH�GRVH�UHFHLYHG�E\�WKH�SODQW���7KH�LQIRUPDWLRQ�SUHVHQWHG�DERYH�VXJJHVWV�WKDW�WKH

UDQJH�RI�FRQFHQWUDWLRQV�RI�FRQFHUQ�IRU�DQ\�SDUWLFXODU�SODQW�FDQ�FKDQJH�GHSHQGLQJ�RQ�WKH

FRPELQDWLRQ�RI�RWKHU�VWUHVVHV�DFWLQJ�RQ�WKH�SODQW��WKH�SKHQRORJLFDO�VWDJH�RI�WKH�SODQW��WKH

GXUDWLRQ�RI�WKH�H[SRVXUH�DQG�VWRPDWDO�FRQGXFWDQFH�

'LXUQDO�3DWWHUQV�RI�([SRVXUH���0RVW�SODQWV�DUH�EHOLHYHG�WR�RSHQ�WKHLU�VWRPDWD�GXULQJ

WKH�GD\�DQG�FORVH�WKHP�DW�QLJKW���,W�KDV�EHHQ�UHSRUWHG��KRZHYHU��WKDW�VRPH�SODQWV�KDYH�VWRPDWD

WKDW�VWD\�RSHQ�ZHOO�DIWHU�WKH�VXQ�KDV�VHW���)RU�H[DPSOH��LW�KDV�EHHQ�UHSRUWHG��8�6��(3$�������

WKDW�ZKLWH�SLQH�NHHSV�LWV�VWRPDWD�RSHQ�DOO�QLJKW��ZKLOH�7RELHVVHQ��������UHSRUWHG�WKDW�PDQ\

HDUO\�VXFFHVVLRQDO�WUHHV��VXFK�DV�EODFN�FKHUU\��ELJ�WRRWKHG�DVSHQ�DQG�ZKLWH�DVK�RSHQ�WKHLU

VWRPDWD�DW�RU�EHIRUH�GDZQ��ZKHUHDV�ODWH�VXFFHVVLRQDO�VSHFLHV�WHQG�QRW�WR�VKRZ�VXFK�D�SDWWHUQ��

7KLV�VXJJHVWV�WKDW�LI�HQYLURQPHQWDO�FRQGLWLRQV�IDYRU�VWRPDWDO�RSHQLQJ��DQG�2��OHYHOV�DUH

HOHYDWHG��SODQWV�PD\�WDNH�XS�2��LQ�WKH�SUHGDZQ�KRXUV��1HXIHOG�HW�DO����������
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$LU�TXDOLW\�LQIRUPDWLRQ�KDV�DOUHDG\�VKRZQ�WKDW�GLXUQDO�SDWWHUQV�LQ�UXUDO�VLWHV�PD\�YDU\

VLJQLILFDQWO\�IURP�WKH�W\SLFDO�XUEDQ�SDWWHUQ�RI�DQ�HDUO\�DIWHUQRRQ�SHDN��GXH�WR�ORQJ�UDQJH

WUDQVSRUW�RU�HOHYDWLRQDO�HIIHFWV���)LJXUH�9,,���VKRZV�D�UDQJH�RI�GLXUQDO�SDWWHUQV�RI�2�

FRQFHQWUDWLRQV�IRU�8�6��UXUDO�VLWHV���/RQJ�UDQJH�WUDQVSRUW�SURFHVVHV�EULQJLQJ�2��IURP�PRUH

GLVWDQW�XUEDQ�DUHDV�FDQ�FKDQJH�WKH�WLPLQJ�RI�UXUDO�2��SHDNV�IURP�DIWHUQRRQ�WR�HYHQLQJ�WR�HDUO\

PRUQLQJ�KRXUV���)XUWKHUPRUH��DW�PRXQWDLQRXV�VLWHV�ZKLFK�DUH�DERYH�WKH�QRFWXUQDO�LQYHUVLRQ

OD\HU��PRUH�FRQVWDQW�OHYHOV�RFFXU�EHFDXVH�WKHUH�LV�OLWWOH�RU�QR�QLJKWWLPH�VFDYDJLQJ�RI�2��E\

QLWULF�R[LGH���8UEDQ�DUHDV��RQ�WKH�RWKHU�KDQG��W\SLFDOO\�H[SHULHQFH�D�ZLGH�UDQJH�RI�2�

FRQFHQWUDWLRQV�WKDW�EXLOG�WR�D�SHDN�LQ�WKH�GD\WLPH�DQG�WKHQ�IDOO�WR�QHDU�QHJOLJLEOH�OHYHOV�DW�QLJKW

IURP�VFDYHQJLQJ��2Q�UHYLHZLQJ�WKH�$,56�GDWDEDVH�IRU������WR������IRU�WKRVH�DJULFXOWXUDO�DQG

IRUHVWHG�VLWH�W\SHV�H[SHULHQFLQJ�D���PRQWK�����KRXU�680���JUHDWHU�WKDQ�RU�HTXDO�WR������SSP�

KRXUV�LQ�WKH�8�6���LW�ZDV�IRXQG�WKDW�����RI�WKH�VLWHV�H[SHULHQFHG�DW�OHDVW�����RI�WKH

RFFXUUHQFHV�RI�!������SSP�2��SHDNV�GXULQJ�WKH���KRXU�SHULRG���DP�WR���SP��&'��������

7KH�SXEOLVKHG�OLWHUDWXUH�VKRZV�WKDW�WKH�PRVW�PDMRU�HIIHFWV�DVVRFLDWHG�ZLWK�2��H[SRVXUH

DUH�OLQNHG�WR�WKH�GLVUXSWLRQ�RI�WKH�SKRWRV\QWKHWLF�SURFHVV���6LQFH�SKRWRV\QWKHVLV�RFFXUV�RQO\

ZKHQ�FHUWDLQ�PLQLPXP�OLJKW�FRQGLWLRQV�DUH�PHW��WKH�VWDII�EHOLHYH�WKDW�WKH�GLXUQDO�WLPH�SHULRG�RI

JUHDWHVW�FRQFHUQ�IRU�YHJHWDWLRQ��WKHUHIRUH��FDQ�EH�GHILQHG�DV�WKH�GD\OLJKW�KRXUV����8VLQJ�D�GDLO\

H[SRVXUH�SHULRG�ORQJHU�WKDQ�WKH�WUDGLWLRQDO���KRXU�ZLQGRZ�RI���DP�WR���SP�LV�VXSSRUWHG�E\�D

VWXG\�GRQH�E\�+HDJOH�HW�DO���������ZKLFK�FRPSDUHG�WKH�HIIHFW�RI�LQFUHDVLQJ�WKH�WLPH�IUDPH�RI

H[SRVXUH�IURP���WR����K�GD\���7KH\�IRXQG�WKDW�SODQWV�UHFHLYLQJ�H[SRVXUHV�IRU�DQ�DGGLWLRQDO��

K�GD\��L�H�����K��VKRZHG�����JUHDWHU�\LHOG�ORVV�WKDQ�WKRVH�H[SRVHG�IRU���K�GD\�

7KRXJK�WKH�OHQJWK�RI�GD\OLJKW�KRXUV�FDQ�UDQJH�IURP�FORVH�WR����KRXUV�WR�DV�PXFK�DV���

KRXUV�LQ�GLIIHUHQW�SDUWV�RI�WKH�8�6��GXULQJ�WKH�VXPPHUWLPH��PD[LPXP�2��PRQWKV��WKH�VWDII�IHHO

WKDW�WKH�SHUFHQW�RI�FRQFHQWUDWLRQV�RFFXUULQJ�RXWVLGH�WKH����KRXU�GD\OLJKW�ZLQGRZ�DUH

VXIILFLHQWO\�VPDOO�DQG�RXWVLGH�WKH�SHULRG�RI�JUHDWHVW�VHQVLWLYLW\�IRU�PRVW�VWXGLHG�YHJHWDWLRQ��DV

WR�PDNH�WKH����KRXU�GD\OLJKW����DP�WR���SP��DQ�DSSURSULDWH�WLPHIUDPH�RYHU�ZKLFK�WR�FXPXODWH

H[SRVXUH�

,QVHUW�)LJXUH�9,,��
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,QWUD�HSLVRGLF�3DWWHUQV�RI�([SRVXUH���2WKHU�IDFWRUV��LQFOXGLQJ�D�SUHGLVSRVLWLRQ�HIIHFW�RI

HDUO\�2��H[SRVXUHV�RQ�SODQW�VHQVLWLYLW\�WR�ODWHU�2��HSLVRGHV��0F&RRO�HW�DO���������FDQ

FRQWULEXWH�WR�YDULDWLRQV�LQ�ELRORJLFDO�UHVSRQVH���&RQVLGHUDWLRQ�RI�WKLV�IDFWRU�VXJJHVWV�WKH�QHHG

IRU�ZHLJKLQJ�2��H[SRVXUHV�WR�DFFRXQW�IRU�SUHGLVSRVLWLRQ�WLPH���+RZHYHU��WKH�UROH�RI

SUHGLVSRVLWLRQ�LQ�LQIOXHQFLQJ�SODQW�UHVSRQVH�YDULHV�ZLWK�VSHFLHV�DQG�HQYLURQPHQWDO�FRQGLWLRQV

DQG�LV�QRW�XQGHUVWRRG�ZHOO�HQRXJK�WR�DOORZ�VSHFLILFDWLRQ�RI�D�ZHLJKLQJ�IXQFWLRQ�IRU�XVH�LQ

FKDUDFWHUL]LQJ�SODQW�H[SRVXUH��

6XPPDU\���,Q�VXPPDU\��LQ�VSLWH�RI�WKH�FRPSOH[LW\�LQKHUHQW�LQ�YHJHWDWLYH�V\VWHPV�

UHVHDUFK�GHYHORSHG�RYHU�WKH�ODVW�VHYHUDO�GHFDGHV�DQG�PRVW�UHFHQWO\�VLQFH�������KDV�SURGXFHG

LQIRUPDWLRQ�RQ�H[SRVXUH�G\QDPLFV�DQG�WKHLU�UROH�LQ�SURGXFLQJ�SODQW�UHVSRQVH����'DWD�LQ

SXEOLVKHG�OLWHUDWXUH�VWLOO�VXSSRUWV�WKH�FRQFOXVLRQ�WKDW�FXPXODWLYH�VHDVRQDO�H[SRVXUH�DQG�KLJKHU

FRQFHQWUDWLRQV�DUH�LPSRUWDQW�IHDWXUHV�RI�H[SRVXUH�IRU�ERWK�FURSV�DQG�WUHHV���,GHDOO\��DQ

H[SRVXUH�LQGH[�ZRXOG�DFFRXQW�IRU�DOO�RI�WKH�YDULDWLRQ�LQ�YHJHWDWLRQ�HIIHFWV�WKDW�DUH�DVVRFLDWHG

ZLWK�H[SRVXUH�WR�2����$�VHFRQG��PRUH�SUDFWLFDO�REMHFWLYH�LV�WKH�VSHFLILFDWLRQ�RI�DQ�H[SRVXUH

LQGH[�WKDW�LV�DSSOLFDEOH�LQ�WKH�DPELHQW�DLU�TXDOLW\�VWDQGDUG�VHWWLQJ�SURFHVV���$Q�H[SRVXUH�LQGH[

IRU�D�1$$46�VKRXOG�EH�HDV\�WR�GHYHORS�DQG�DSSOLFDEOH�WR�D�ZLGH�UDQJH�RI�VSHFLHV�DQG

HQYLURQPHQWDO�H[SRVXUH�FRQGLWLRQV���7KH�DWWDLQPHQW�RI�WKHVH�FULWHULD��KRZHYHU��QHFHVVDULO\

UHSUHVHQWV�D�FRPSURPLVH�LQ�WKH�IHDWXUHV�LQFOXGHG�LQ�WKH�IRUPXODWLRQ�RI�WKH�EHVW�H[SRVXUH�LQGH[

�/HH��HW�DO�����������7KH�VHFWLRQ�WKDW�IROORZV�KLJKOLJKWV�WKRVH�W\SHV�RI�IRUPV�ZKLFK�PHHW�WKHVH

FULWHULD�

�� $OWHUQDWLYH�)RUPV�RI�WKH�6HFRQGDU\�1$$46

7KH�GLVFXVVLRQ�RI�H[SRVXUH�LQGLFHV�SUHVHQWHG�LQ�WKH�&'�JURXSV�LQGLFHV�LQWR�VHYHUDO

JHQHUDOL]HG�IRUPV�LQFOXGLQJ�RQH�HYHQW��PHDQ��FXPXODWLYH��FRQFHQWUDWLRQ�ZHLJKLQJ��DQG

PXOWLFRPSRQHQW���7KHVH�JHQHUDO�IRUPV�DUH�GLVFXVVHG�EHORZ�ZLWK�UHJDUG�WR�WKHLU�ELRORJLFDO

UHOHYDQFH�DQG�WKHLU�VXLWDELOLW\�DV�D�EDVLV�IRU�VWDQGDUG�VHWWLQJ�

2QH�(YHQW��0HDQ��DQG�&XPXODWLYH�)RUPV���7KH�RQH�HYHQW�IRUP��ZKLFK�LQFOXGHV�WKH

FXUUHQW�IRUP�RI�WKH�1$$46��PHDVXUHV�RQO\�RQH�RU�D�YHU\�OLPLWHG�QXPEHU�RI�SHDN�HYHQWV�RXW�RI

D�SODQW
V�HQWLUH�JURZLQJ�VHDVRQ���,I�2��FRQFHQWUDWLRQV�QHYHU�DFKLHYH�WKH�OHYHO�RI�WKH�SHDN�RI

FRQFHUQ��WKH�DVVXPSWLRQ�LV�WKDW�QR�JURZWK�RU�\LHOG�HIIHFWV�RI�FRQFHUQ�DUH�RFFXUULQJ���,W�DOVR

GRHV�QRW�GLVWLQJXLVK�DPRQJ�H[SRVXUHV�RI�GLIIHUHQW�GXUDWLRQV���7KLV�LQGH[�IRUP�GRHV�QRW�DFFRXQW
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IRU�PDQ\�H[SRVXUHV�DQG�SDWWHUQV�RI�H[SRVXUH�WKDW�DUH�DVVRFLDWHG�ZLWK�YHJHWDWLRQ�HIIHFWV���7KH

PHDQ�IRUP��VXFK�DV�WKH�VHDVRQDO�PHDQ�RI�WKH���KU�GDLO\�PHDQV��DYHUDJHV�DOO�VHOHFWHG

FRQFHQWUDWLRQV�HTXDOO\�DQG�GRHV�QRW�DGGUHVV�WKH�YDU\LQJ�SDWWHUQV�RI�H[SRVXUH���/DUVHQ�DQG

+HFN��������GHPRQVWUDWHG�WKDW�IRU�WZR�DLU�VDPSOLQJ�VLWHV�ZLWK�WKH�VDPH�GD\WLPH�DULWKPHWLF

PHDQ�2��FRQFHQWUDWLRQ�YHU\�GLIIHUHQW�HVWLPDWHG�FURS�UHGXFWLRQV�FRXOG�RFFXU���7KH�FXPXODWLYH

IRUP�VXPV�DOO�KRXUO\�FRQFHQWUDWLRQV�DFURVV�D�VHDVRQ��680����DQG��WKXV��FRQWDLQV�DQ�H[SRVXUH

GXUDWLRQ�FRPSRQHQW��EXW�VWLOO�ZHLJKWV�DOO�FRQFHQWUDWLRQV�HTXDOO\���8VLQJ�DLU�TXDOLW\�GDWD�

/HIRKQ�HW�DO��������VKRZHG�WKDW�WKH�PDJQLWXGH�RI�WKH�680���H[SRVXUH�LQGH[�ZDV�ODUJHO\

GHWHUPLQHG�E\�WKH�ORZHU�KRXUO\�DYHUDJH�FRQFHQWUDWLRQV���,Q�D�VLPLODU�VWXG\��/HIRKQ�HW�DO�

�������QRWHG�WKDW�WKH�PDJQLWXGH�RI�WKH�680���LQGH[�GLG�QRW�DGHTXDWHO\�DFFRXQW�IRU�WKH

RFFXUUHQFH�RI�WKH�KLJKHU�KRXUO\�DYHUDJH�FRQFHQWUDWLRQV�LQ�WKH�DPELHQW�WUHDWPHQWV���7KH

FRXSOLQJ�RI�WKH�DLU�TXDOLW\�FRQVLGHUDWLRQV�DV�GHVFULEHG�E\�/HIRKQ�HW�DO����������������ZLWK�WKH

ELRORJLFDO�ILQGLQJV�UHSRUWHG�E\�0XVVHOPDQ�HW�DO���������������DQG�+RJVHWW�HW�DO�������E��

EXLOGV�D�FRQVLVWHQW�SLFWXUH�WKDW�WKH�680���LQGH[�GRHV�QRW�DGHTXDWHO\�DFFRXQW�IRU�WKH

RFFXUUHQFH�RI�SHDN�KRXUO\�FRQFHQWUDWLRQV����7KH�RQH�HYHQW��PHDQ��DQG�FXPXODWLYH�IRUPV�GR�QRW

WDNH�LQWR�DFFRXQW�WKH�PDQ\�IHDWXUHV�RI�2��H[SRVXUH�UHJLPHV�WKDW�LQIOXHQFH�SODQW�UHVSRQVH�DQG

DUH��WKHUHIRUH��OLPLWHG�LQ�WKHLU�XVHIXOQHVV�DV�SUHGLFWRUV�RI�2��LQMXU\�

0XOWLFRPSRQHQW�)RUPV���,Q�FRQWUDVW�WR�WKH�UHODWLYHO\�VLPSOH�IRUPV�GLVFXVVHG�DERYH�

PXOWLFRPSDUWPHQW�IRUPV�KDYH�EHHQ�GHYHORSHG�ZKLFK�DWWHPSW�WR�WDNH�LQWR�DFFRXQW�D�UDQJH�RI

IDFWRUV�WKDW�KDYH�EHHQ�DVVRFLDWHG�ZLWK�YHJHWDWLRQ�HIIHFWV���)RU�H[DPSOH��/HH�HW�DO��������

DQDO\]HG�FURS�\LHOG�GDWD�IRU����LQGLYLGXDO�1&/$1�VWXGLHV��XVLQJ�UHJUHVVLRQ�DQDO\VLV�WR

HYDOXDWH�D�WRWDO�RI�����LQGLFHV��LQFOXGLQJ�����YDULDWLRQV�RI�WKH�*HQHUDOL]HG�3KHQRORJLFDO

:HLJKWHG�&XPXODWLYH�,QGH[��*3:&,��XVLQJ�WKH�:HLEXOO�PRGHO���7KH�H[SRVXUH�LQGLFHV�ZHUH

HYDOXDWHG�RQ�WKH�EDVLV�RI�VWDWLVWLFDO�ILW�DORQJ�WKUHH�GLIIHUHQW�FULWHULD�DQG�DQ�DYHUDJH�VFRUH�JLYHQ�

�7KRXJK�QR�VLQJOH�H[SRVXUH�LQGH[�SHUIRUPHG�EHVW�IRU�DOO����FDVHV��WKHUH�ZDV�D�JURXS�RI�LQGLFHV

WKDW�ZHUH�DOZD\V�DW�RU�QHDU�WKH�WRS�UDQNLQJ�VFRUHV���7KH�����WRS�SHUIRUPLQJ�LQGLFHV�ZHUH�DOO

*3:&,�LQGLFHV��ZLWK�RYHUDOO�EHVW�LQGH[�EHLQJ�WKH�*3:&,�LQGH[�3:&,�����ZLWK�D�VLJPRLG

ZHLJKW�FHQWHUHG�DW�������SSP�DQG�D�SKHQRORJLFDO�JDPPD�ZHLJKWLQJ�VFKHPH�SODFLQJ�PD[LPXP

ZHLJKW����GD\V�SULRU�WR�PDWXULW\���$OWKRXJK�VXFK�PXOWLFRPSRQHQW�LQGLFHV�PD\�ZHOO�WDNH�LQWR

DFFRXQW�PDQ\�UHOHYDQW�IDFWRUV��LQFOXGLQJ�SODQW�SKHQRORJ\��SUHGLVSRVLWLRQ�HIIHFWV�RI�HDUO\�2�
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H[SRVXUHV�WR�ODWHU�RQHV��DQG�UHODWLYH�LPSDFWV�RI�GLIIHUHQW�FRQFHQWUDWLRQ�UDQJHV��VXFK�IRUPV�KDYH

QRW�EHHQ�DGYDQFHG�DV�EHLQJ�DSSOLFDEOH�IRU�VWDQGDUG�VHWWLQJ�GXH�WR�EHLQJ�VSHFLHV�VSHFLILF�DQG

KLJKO\�FRPSOH[��

&RQFHQWUDWLRQ�:HLJKWHG�)RUPV���,Q�WKH�VDPH�DQDO\VLV�E\�/HH�HW�DO�������������JHQHUDO

LQGH[�IRUPV�ZHUH�DOVR�HYDOXDWHG���6HYHUDO�WKUHVKROG��680����680����6802���$272���DQG

VLJPRLGDOO\�ZHLJKWHG�FXPXODWLYH�LQGLFHV�ZHUH�QHDUO\�DV�RSWLPDO�LQ�ILWWLQJ�WKH�1&/$1�GDWDEDVH

DV�ZDV�WKH�PXOWLFRPSRQDQW�*3:&,�LQGH[���7KH�VLJPRLGDO�ZHLJKWLQJ�IXQFWLRQ�WKDW�SHUIRUPHG

WKH�EHVW�LQFUHDVHV�PRQRWRQLFDOO\�IURP���WR���DQG�DVVLJQV�D�ZHLJKW�RI�����DW�������SSP

�GHVLJQDWHG�6,*02,'�LQ�ODWHU�GRFXPHQWV�����,Q�D�VHSDUDWH�VWXG\��/HIRKQ�HW�DO��������

FRPSDUHG�WZR�VLJPRLGDO�IXQFWLRQV��:�����ZKLFK�KDV�DQ�LQIOHFWLRQ�SRLQW�DW�������SSP�DQG

JLYHV�HTXDO�ZHLJKW�WR�YDOXHV�DERYH������SSP��DQG�:����ZKLFK�JLYHV�JUHDWHU�ZHLJKW�WR�YDOXHV

DERYH������SSP����7KRXJK�WKH�:����SHUIRUPHG�EHWWHU�WKDQ�WKH�:����LW�KDV�QRW�EHHQ�GLUHFWO\

FRPSDUHG�WR�WKH�6,*02,'�WR�GHWHUPLQH�LI�RQH�EHWWHU�UHSUHVHQWV�SODQW�UHVSRQVH���7KH�:���

IRUP�GRHV��KRZHYHU��JLYH�OHVV�ZHLJKW�WR�WKH�ORZHVW�UDQJH�RI�FRQFHQWUDWLRQV��L�H���WKRVH�WKDW�IDOO

ZLWKLQ�W\SLFDO�EDFNJURXQG�OHYHOV��WKDQ�WKH�6,*02,'����

6HYHUDO�WKUHVKROG�FXPXODWLYH�IRUPV�DOVR�DWWHPSW�WR�WDNH�LQWR�DFFRXQW�HYLGHQFH�WKDW

SHDNV�SURGXFH�D�GLVSURSRUWLRQDWH�UHVSRQVH�UHODWLYH�WR�ORZHU�FRQFHQWUDWLRQV�E\�VHOHFWLQJ�D

�WKUHVKROG��YDOXH�EHORZ�ZKLFK�WKH�2��FRQFHQWUDWLRQV�DUH�QRW�FRXQWHG���7KHVH�IRUPV�DVVLJQHG�D

ZHLJKW�RI���WR�FRQFHQWUDWLRQV�EHORZ�WKH��WKUHVKROG��DQG�FRQFHQWUDWLRQV�DERYH�WKH��WKUHVKROG�

DUH�DVVLJQHG�D�ZHLJKW�RI�����7KH�KRXUO\�FRQFHQWUDWLRQV�ZKLFK�IDOO�DERYH�WKH��WKUHVKROG��OHYHO

�L�H���WKH�680;;�IRUPV��RU�WKH�GLIIHUHQFH�EHWZHHQ�WKH�FRQFHQWUDWLRQ�DQG��WKUHVKROG��OHYHOV

�L�H���WKH�$27;;�IRUPV��DUH�WKHQ�DGGHG�WRJHWKHU�WR�JLYH�D�FXPXODWLYH�VHDVRQDO�WRWDO�H[SRVXUH�

�7KH�HVWDEOLVKPHQW�RI�D��WKUHVKROG��YDOXH�LV�VRPHZKDW�DUELWUDU\�DQG�LV�QRW�EDVHG�RQ�DQ\

HYLGHQFH�RI�D�GLVFHUQLEOH�WKUHVKROG�IRU�YHJHWDWLRQ�HIIHFWV�LQ�JHQHUDO���7KH��WKUHVKROG��OHYHOV

LGHQWLILHG�LQ�SUHYLRXV�UHVHDUFK�KDYH�VRPHWLPHV�EHHQ�VHW�WR�IDFWRU�LQ�RWKHU�FRQVLGHUDWLRQV��VXFK

DV�WKH�OHYHO�RI�EDFNJURXQG�FRQFHQWUDWLRQV�RU�WKH�DELOLW\�RI�PRGHOV�WR�SUHGLFW�DLU�TXDOLW\

FRQFHQWUDWLRQV�EHORZ�FHUWDLQ�FRQFHQWUDWLRQV�

6WDII�QRWHV�WKDW�WKH�UHVXOWV�RI�WKH�UHWURVSHFWLYH�DQDO\VHV�RI�H[SRVXUH�LQGLFHV�KDYH

UHFHLYHG�VHYHUDO�FULWLTXHV�ZKLFK�SRLQW�RXW�WKH�DUWLILFLDOLW\�RI�WKH�2��H[SRVXUH�UHJLPHV�XVHG�LQ

WKH�1&/$1�VWXGLHV�WR�HOLFLW�YHJHWDWLRQ�UHVSRQVHV��/HIRKQ�DQG�)ROH\����������7KH�FRQFHUQ�LV



���

WKDW�WKH�XVH�RI�DQ�H[SRVXUH�UHJLPH�ZKLFK�FRQWDLQV�XQUHDOLVWLFDOO\�ODUJH�QXPEHUV�RI�KLJK�SHDNV

PD\�KDYH�H[DJJHUDWHG�WKH�YHJHWDWLRQ�UHVSRQVH���7KXV��LW�LV�QRW�FOHDU�DW�WKLV�WLPH�ZKHWKHU�WKH

H[SRVXUH�LQGLFHV�LGHQWLILHG�LQ�/HH�HW�DO���������DV�WKH�EHVW�SUHGLFWRUV�RI�SODQW�UHVSRQVH�LQ�WKH

1&/$1�VWXGLHV�ZRXOG�KDYH�EHHQ�UDQNHG�LQ�WKH�VDPH�RUGHU�XQGHU�D�GLIIHUHQW�H[SRVXUH�SURILOH�

�2WKHUV�KDYH�FULWLTXHG�WKH�DQDO\VHV�EHFDXVH�WKH\�GR�QRW�GLUHFWO\�DGGUHVV�ELRORJLFDO�IDFWRUV��EXW

UDWKHU�UHIOHFW�RQO\�VWDWLVWLFDO�DVVRFLDWLRQV�

�� $GGLWLRQDOO\��WKLV�VDPH�1&/$1�GDWDEDVH�KDV�EHHQ�XVHG�WR�FDOFXODWH�OHYHOV�RI�2�

H[SRVXUH�IRU�GLIIHUHQW�LQGLFHV�WKDW�ZRXOG�SURYLGH��HTXLYDOHQW��SURWHFWLRQ�IRU�FURSV�IURP�FHUWDLQ

GHILQHG�\LHOG�ORVV�SHUFHQWDJHV���/HIRKQ�DQG�)ROH\��������VXJJHVW�LW�LV�LPSRUWDQW�WKDW�DQ\

H[SRVXUH�LQGH[�WKDW�VHWV�D�OHYHO�RI�SURWHFWLRQ�EDVHG�RQ�WKH�UHVSRQVH�RI�SODQWV�LQ�WKH�1&/$1

H[SHULPHQWV�VKRXOG�UHFRJQL]H�WKH�SHDNLQHVV�RI�WKH�H[SRVXUH�UHJLPHV�XVHG�ZKHQ�DWWHPSWLQJ�WR

SUHGLFW�ELRORJLFDO�UHVSRQVHV�RYHU�WKH�UDQJH�RI�DPELHQW�2��H[SRVXUH�UHJLPHV�

7KRXJK�YDULDWLRQV�RI�WKUHH�VHOHFWHG�H[SRVXUH�LQGLFHV��680����$27����DQG�:����

EHLQJ�FRQVLGHUHG�LQ�WKLV�UHYLHZ�SHUIRUPHG�HTXDOO\�ZHOO�LQ�VWDWLVWLFDOO\�SUHGLFWLQJ�SODQW�UHVSRQVH

IURP�WKH�1&/$1�GDWD�LQ�/HH��HW�DO���������ZKLFK�KDG�KLJK�QXPEHUV�RI�SHDN�FRQFHQWUDWLRQV�

TXHVWLRQV�KDYH�EHHQ�UDLVHG�DV�WR�KRZ�WKHVH�LQGLFHV�ZRXOG�FRPSDUH�XQGHU�GLIIHUHQW�H[SRVXUH

VFHQDULRV���,Q�DWWHPSWLQJ�WR�DGGUHVV�WKHVH�TXHVWLRQV��VWDII�FRPSDUHG�KRZ�WKHVH�VHOHFWHG

H[SRVXUH�LQGLFHV�GLIIHUHQWLDOO\�ZHLJKW�SHDN��PLG�UDQJH�DQG�ORZ�2��FRQFHQWUDWLRQV�IRU�YDULRXV

DPELHQW�DLU�TXDOLW\�VFHQDULRV�IURP�VHYHUDO�1&/$1�VWXGLHV�DQG�DLU�TXDOLW\�GLVWULEXWLRQV

SURGXFHG�IURP�WKH�$,56�GDWDEDVH�IRU�D�YDULHW\�RI�VHOHFWHG�PRQLWRUHG�ORFDWLRQV��$SSHQGL[�)���

7KHVH�FRPSDULVRQV�ZHUH�GRQH�RQ�WKH�EDVLV�RI�WKH�SHUFHQWDJH�RI�WKH�WRWDO�YDOXH�RI�WKH�LQGH[

FRQWULEXWHG�E\�VHOHFWHG�SRUWLRQV�RI�WKH�UDQJH�RI�2��FRQFHQWUDWLRQV���)RU�H[DPSOH��XVLQJ�WKH�2�

DPELHQW�DLU�TXDOLW\�GLVWULEXWLRQ�IRU�RQH�1&/$1�VWXG\��5��&2��FRQGXFWHG�LQ�5DOHLJK�ZLWK

FRWWRQ�LQ������WR�FRPSDUH�680����$27����DQG�:�����WKH�IROORZLQJ�SHUFHQWDJHV�ZHUH

REVHUYHG�

����������� ������������ ������������� ���!������SSE�

680�� � �� �� ���������

$27�� � �� �� ���������

:��� �� �� �� ���������
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)URP�VXFK�FRPSDULVRQV�VWDII�REVHUYHG�WKDW�IRU�DQ\�JLYHQ�UHSUHVHQWDWLYH�DPELHQW�DLU

TXDOLW\�GLVWULEXWLRQ��WKH�SHUFHQWDJH�RI�WKH�WRWDO�LQGH[�YDOXH�FRQWULEXWHG�E\�WKH�XSSHU�PLG�UDQJH

DQG�SHDN�FRQFHQWUDWLRQV�ZDV�KLJKHVW�IRU�WKH�$27���LQGH[��LQGLFDWLQJ�WKDW�$27���HIIHFWLYHO\

ZHLJKWHG�WKH�XSSHU�PLG�UDQJH�DQG�SHDN�FRQFHQWUDWLRQV�UHODWLYHO\�PRUH�WKDQ�GLG�HLWKHU�WKH

:����RU�WKH�680���LQGLFHV���)XUWKHUPRUH��XQOLNH�WKH�$27���DQG�680���LQGLFHV�ZKLFK�GR

QRW�LQFOXGH�FRQFHQWUDWLRQV�EHORZ������SSP��ORZ�FRQFHQWUDWLRQV��L�H���������SSP��FDQ�DFFRXQW

IRU�D�VLJQLILFDQW�SHUFHQW�RI�WKH�WRWDO�IRU�WKH�:����LQGH[�ZKLOH�FRQFHQWUDWLRQV�EHWZHHQ������DQG

�����SSP�WHQG�WR�UHSUHVHQW�WKH�JUHDWHVW�SHUFHQWDJH�RI�WKH�WRWDO�YDOXH�LQ�WKH�680����

)� &RQVLGHUDWLRQV�LQ�&KDUDFWHUL]LQJ�$GYHUVH�:HOIDUH�(IIHFWV

7KRXJK�H[SRVXUH�UHVSRQVH�IXQFWLRQV�RI�2��RQ�YHJHWDWLRQ�KDYH�EHHQ�GHYHORSHG�IURP

VWXGLHV�GHVFULEHG�LQ�WKH�VHFWLRQV�DERYH��VHYHUDO�DGGLWLRQDO�SLHFHV�RI�LQIRUPDWLRQ��H�J���QDWLRQDO

2��H[SRVXUH�SDWWHUQV��ORFDWLRQ�RI�2��VHQVLWLYH�VSHFLHV��DUH�DGGHG�LQ�WKLV�VHFWLRQ�WR�SXW�WKLV

LQIRUPDWLRQ�LQWR�D�QDWLRQDO�FRQWH[W�WKDW�FDQ�PRUH�IXOO\�LQIRUP�WKH�$GPLQLVWUDWRU�DV�WR�WKH�QHHG

IRU�DGGLWLRQDO�SURWHFWLRQ�IRU�YHJHWDWLRQ�DJDLQVW�2��LQGXFHG�DGYHUVH�ZHOIDUH�HIIHFWV�DQG�WR�EHWWHU

FKDUDFWHUL]H�WKH�UHVLGXDO�ULVNV�DQG�EHQHILWV�DVVRFLDWHG�ZLWK�YDULRXV�SROLF\�GHFLVLRQV���

$V�SDUW�RI�WKLV�HIIRUW��WKH�VWDII�WRRN�LQWR�DFFRXQW�WKH�SRVVLELOLW\�RI�D�QHZ�SULPDU\

VWDQGDUG�FRQVLVWHQW�ZLWK�WKH�RSWLRQV�SUHVHQWHG�LQ�VHFWLRQ�9,���5HFRJQL]LQJ�WKDW�DWWDLQPHQW�RI

DQ\�RI�WKHVH�DOWHUQDWLYHV�ZRXOG�JHQHUDOO\�ORZHU�2��H[SRVXUHV�QDWLRQDOO\��WKH�VWDII�SHUIRUPHG

VHYHUDO�FRPSDULVRQV�XVLQJ�ERWK�PRQLWRUHG�DQG�SURMHFWHG�DLU�TXDOLW\�WR�HYDOXDWH�WKH�LPSDFW�RI

DWWDLQPHQW�RI�YDULRXV�SULPDU\�RSWLRQV�RQ�2��FRQFHQWUDWLRQV�RI�FRQFHUQ�WR�YHJHWDWLRQ��� �

%HQHILW�DQG�ULVN�UHGXFWLRQV�DVVRFLDWHG�ZLWK�UHGXFWLRQV�LQ�2��H[SRVXUH�IURP�WKH�DWWDLQPHQW�RI�D

VHSDUDWH�VHFRQGDU\�VWDQGDUG�DUH�WKHUHIRUH�FRQVLGHUHG�LQFUHPHQWDO�WR�WKRVH�DFKLHYHG�E\�DWWDLQLQJ

DQ\�RI�WKH�SULPDU\�VWDQGDUG�RSWLRQV�
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�� ([SRVXUH�&KDUDFWHUL]DWLRQ

1DWLRQDO�0RQLWRULQJ�1HWZRUN���6SDUVH�DLU�TXDOLW\�PRQLWRULQJ�KDV�DOZD\V�FRQVWUDLQHG

WKH�FKDUDFWHUL]DWLRQ�RI�QDWLRQDO�UXUDO�DQG�UHPRWH�DLU�TXDOLW\����7KH�ILUVW�QDWLRQDO�QHWZRUN�RI�DLU

PRQLWRULQJ�VWDWLRQV�GHVLJQHG�WR�PHDVXUH�OHYHOV�RI�2��LQ�UHPRWH�DUHDV������RU�PRUH�PLOHV�IURP

DQ\�PDMRU�XUEDQ�DUHD��ZLWKLQ�WKH����FRQWLJXRXV�VWDWHV�ZDV�HVWDEOLVKHG�LQ������DQG�UDQ�WKURXJK

�����DV�D�FRRSHUDWLYH�HIIRUW�EHWZHHQ�WKH�8�6��(3$�DQG�WKH�8�6��)RUHVW�6HUYLFH���%\�������WKLV

1DWLRQDO�$LU�3ROOXWLRQ�%DFNJURXQG�1HWZRUN��1$3%1��FRQVLVWHG�RI�HLJKW�VLWHV�RSHUDWLQJ�LQ

VHOHFWHG�1DWLRQDO�)RUHVWV��DOWKRXJK�RQO\�VL[�RI�WKHVH�VLWHV�RSHUDWHG�\HDU�URXQG��(YDQV�HW�DO��

������(YDQV����������$V�RI�������OHVV�WKDQ����RI�WKH�2��PRQLWRULQJ�VLWHV�LQ�WKH�$,56

GDWDEDVH��ZHUH�FODVVLILHG�DV�IRUHVWHG���7KH�UHPDLQLQJ�VLWHV�ZHUH�GLYLGHG�EHWZHHQ�UHVLGHQWLDO�

FRPPHUFLDO�RU�LQGXVWULDO�������DJULFXOWXUDO�������DQG�GHVHUW�RU�PRELOH������8�6�(3$�

������

7KRXJK�WKH�UXUDO�PRQLWRULQJ�QHWZRUN�KDV�JURZQ�WR�QRZ�LQFOXGH�DSSUR[LPDWHO\���

PRQLWRUV�LQ�&ODVV�,�DUHDV��WKH�PDMRULW\�RI�$,56�VLWHV�DUH�VWLOO�ORFDWHG�LQ�XUEDQ�RU�QHDU�XUEDQ

DUHDV���(YHQ�PDQ\�RI�WKH�PRQLWRUV�FODVVLILHG�DV�UXUDO�RFFXU�ZLWKLQ�FLWLHV�RU�&HQVXV

0HWURSROLWDQ�6WDWLVWLFDO�$UHDV��&06$V���DQG�RIWHQ�VKRZ�2��DLU�TXDOLW\�SDWWHUQV�W\SLFDO�RI

XUEDQ�DUHDV��H�J���ORZ�QLJKWWLPH�2��GXH�WR�VFDYHQJLQJ��6WDVLXN�DQG�&RIIH\���������ZLWK�KLJK

GLXUQDO�SHDNV��RIWHQ�LQFOXGLQJ�RFFXUUHQFHV�RI�KRXUO\�DYHUDJH�FRQFHQWUDWLRQV�DERYH������SSP��

�7KH������PRQLWRULQJ�QHWZRUN�IRU�ERWK�XUEDQ�DQG�UXUDO�8�6��PRQLWRUV�VWLOO�VKRZ�ODUJH�VHFWLRQV

RI�WKH�FRXQWU\�ZLWK�OLWWOH�RU�QR�PRQLWRU�FRYHUDJH��)LJXUHV�9,,��D�DQG��E����6RPH�RI�WKHVH�QRQ�

PRQLWRUHG�DUHDV�DUH�VLJQLILFDQW�IRU�D�YDULHW\�RI�FURSV�VXFK�DV�ZKHDW��EDUOH\��FRUQ��VRUJKXP�

VR\EHDQ�DQG�NLGQH\�EHDQ�SURGXFWLRQ��DV�ZHOO�DV�IRU�WKH�WUHH�VSHFLHV�EODFN�FKHUU\��VXJDU�PDSOH�

UHG�PDSOH��DVSHQ��UHG�DOGHU��ZKLWH�SLQH��'RXJODV�ILU��DQG�SRQGHURVD�SLQH�����

8VLQJ������WR������$,56�PRQLWRULQJ�GDWD��WKH�VWDII�H[DPLQHG�WKH�TXHVWLRQ�ZKHWKHU

DWWDLQLQJ�D�SURSRVHG�SULPDU\�VWDQGDUG�FRXOG�SURYLGH�VXIILFLHQW�SURWHFWLRQ�WR�YHJHWDWLRQ�ZLWK

UHVSHFW�WR�FXPXODWLYH�VHDVRQDO�H[SRVXUHV�WKDW�KDYH�EHHQ�VKRZQ�WR�LQMXUH�SODQWV���7KH�VSHFLILF

H[DPSOH�FKRVHQ�IRU�FRPSDULVRQ�ZDV�WKH�SULPDU\�RSWLRQ�������SSP����KU�����RU���H[SHFWHG

H[FHHGHQFHV��DQG�WKH�VHFRQGDU\�RSWLRQ��680�������KU������WR����SSP�KUV�����6WDII�H[DPLQHG

WKH���KRXU�GDLO\�PD[LPXP�DQG����KRXU�680���GHVLJQ�YDOXHV�IRU�����FRXQWLHV��WKRVH�KDYLQJ

VXIILFLHQW�PRQLWRULQJ�GDWD�LQ�$,56�IRU�WKH�SHULRG��������������)LJXUHV�9,,��D�DQG�E�VKRZ�WKH
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DVVRFLDWLRQV�EHWZHHQ�WKH���KRXU�YDOXHV�DQG�WKH�680���YDOXHV���7KHVH�ILJXUHV�VKRZ��IRU

H[DPSOH��WKDW�DOPRVW�DOO�DUHDV�WKDW�DUH�ZLWKLQ�RU�DERYH�D�680���UDQJH�RI�������SSP�KU�ZRXOG

DOVR�IDOO�DERYH�DQ���KRXU�GHVLJQ�YDOXH�RI������SSP���7KXV��WKRVH�PRQLWRUHG�VLWHV�WKDW�ZRXOG

OLNHO\�EH�RI�PRVW�FRQFHUQ�IRU�HIIHFWV�RQ�YHJHWDWLRQ�ZRXOG�DOVR�EH�DGGUHVVHG�E\�DQ���KRXU

SULPDU\�VWDQGDUG�VHW�DW�D������SSP�OHYHO��

,QVHUW�)LJXUH�9,,��D



���

,QVHUW�)LJXUH�9,,��E



���

,QVHUW�)LJXUH�9,,��D



���

,QVHUW�)LJXUH�9,,��E
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+RZHYHU��JLYHQ�WKDW�WKH�JUHDWHVW�SURSRUWLRQ�RI�YHJHWDWLRQ�LQ�WKH�8�6��LV�IRXQG�JURZLQJ

RXWVLGH�RI�XUEDQ�FHQWHUV�ZKHUH�WKHUH�DUH�IHZ�RU�QR�PRQLWRUV�DQG�ZKHUH�GLIIHUHQW�HQYLURQPHQWDO

DQG�HOHYDWLRQDO�IDFWRUV�LQWHUDFW�ZLWK�2��SUHFXUVRUV�RU�2��WUDQVSRUWHG�LQWR�WKH�VLWH��WKHUH�LV

FRQVLGHUDEOH�XQFHUWDLQW\�DV�WR�WKH�H[DFW�QDWXUH�DQG�VWUHQJWK�RI�WKH�UHODWLRQVKLS�EHWZHHQ�XUEDQ

2��DLU�TXDOLW\�DQG�GLVWULEXWLRQV�WKDW�RFFXU�LQ�UXUDO�RU�UHPRWH�DUHDV���

,Q�UHFHQW�\HDUV��PRUH�DQG�PRUH�UHVHDUFKHUV�KDYH�XQGHUWDNHQ�VWXGLHV�WR�EHWWHU

FKDUDFWHUL]H�2��DLU�TXDOLW\�LQ�UXUDO��UHPRWH�RU��FOHDQ��VLWHV���/HIRKQ�DQG�-RQHV��������/HIRKQ

DQG�)ROH\��������/RJDQ��������%RKP�����������7KRXJK�RIWHQ�H[WUHPHO\�OLPLWHG�LQ�VFRSH��WKHVH

VWXGLHV�FRQWLQXH�WR�UHILQH�DQG�EXLOG�RQ�WKH�ZRUN�E\�(YDQV�HW�DO��������DQG�(YDQV�������DQG�FDQ

JHQHUDOO\�EH�GLYLGHG�EHWZHHQ�ZHVWHUQ�DQG�HDVWHUQ�8�6�

:HVWHUQ�$LU�4XDOLW\����/RJDQ��������FRUURERUDWHG�DQ�HDUOLHU�ILQGLQJ�IURP�WKH�WKUHH

ZHVWHUQ�VLWHV��$SDFKH��$=��2FKRFR��25��&XVWHU��07��LQ�WKH�RULJLQDO�1$3%1�WKDW�2��KRXUO\

DYHUDJH�FRQFHQWUDWLRQV�DERYH������SSP�UDUHO\�DUH�H[FHHGHG�DW�UHPRWH�ZHVWHUQ�VLWHV�H[FHSW�LQ

VRPH�DUHDV�LQ�&DOLIRUQLD���)RU�H[DPSOH��RXWVLGH�RI�&DOLIRUQLD��HYHQ�QHDU�XUEDQ�VLWHV��2�

FRQFHQWUDWLRQV�UHPDLQHG�ORZ��ZLWK�JURZLQJ�VHDVRQ�PHDQV�UDQJLQJ�IURP�������WR�������SSP�

������WR�������SSP��DQG�������WR�������SSP�LQ�:DVKLQJWRQ��8WDK�DQG�&RORUDGR��UHVSHFWLYHO\�

�1RW�XQH[SHFWHGO\��WKHUH�LV�OLWWOH�HYLGHQFH�RI�2��LQMXU\�DW�WKHVH�VLWHV���2Q�WKH�RWKHU�KDQG��%RKP

�������UHSRUWV�WKDW�<RVHPLWH�DQG�6HTXRLD�1DWLRQDO�3DUNV��ZKLFK�UHFHLYH�SROOXWDQWV�WUDQVSRUWHG

IURP�KLJKO\�XUEDQL]HG�DUHDV��KDG����K�PHDQV�UDQJLQJ�IURP�������WR�������SSP�RQ�����RI

VXPPHU�GD\V��ZKHUHDV�/DNH�*UHJRU\�KDG�D�JURZLQJ�VHDVRQ�PHDQ�RI�������SSP���'XULQJ����

RI�WKH�VXPPHU�GD\V��PHDQV�RI�GLXUQDO�SDWWHUQV�UDQJHG�IURP�������WR�������SSP��GHFUHDVLQJ

ZLWK�DOWLWXGH�DQG�GLVWDQFH�IURP�WKH�VRXUFH��%RKP����������7KHVH�OHYHOV��DV�PHQWLRQHG�LQ�WKH

HDUOLHU�HIIHFWV�VHFWLRQ��KDYH�EHHQ�DVVRFLDWHG�ZLWK�JURZWK�GHFUHDVHV�DQG�IROLDU�LQMXU\�LQ�VRPH

VSHFLHV�
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$Q�RQJRLQJ�VWXG\��WKH�6LHUUD�&RRSHUDWLYH�2]RQH�,PSDFW�$VVHVVPHQW�6WXG\��6&2,$6��

FR�RSHUDWHG�E\�WKH�8�6��)RUHVW�6HUYLFH��&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG��DQG�WKH�8QLYHUVLW\�RI

&DOLIRUQLD�DW�'DYLV��LV�GRFXPHQWLQJ�H[SRVXUH�RI�VHQVLWLYH�SLQH�VSHFLHV�LQ�WKH�6LHUUDQ�IRUHVWV�WR

2��DQG�WKH�DPRXQW�RI�LQMXU\�WKH�WUHHV�H[KLELW���$V�SDUW�RI�WKLV�SURMHFW��VL[�VLWHV��UDQJLQJ�LQ

HOHYDWLRQ�EHWZHHQ������DQG������IHHW�DERYH�PHDQ�VHD�OHYHO��ZHUH�VHOHFWHG�WR�PRQLWRU�2�

FRQFHQWUDWLRQV�DQG�PHWHRURORJLFDO�FRQGLWLRQV��WHPSHUDWXUH��KXPLGLW\��ZLQG�VSHHG��ZLQG

GLUHFWLRQ�DQG�VRODU�UDGLDWLRQ���

$IWHU�FRPSOHWLQJ���WR���\HDUV�RI�GDWD�FROOHFWLRQ�������������WR�������WKH�UHVHDUFKHUV

IRXQG�WKDW�2��FRQFHQWUDWLRQV�ZHUH�W\SLFDOO\�KLJKHVW�LQ�WKH�DIWHUQRRQ��DQG�LQFUHDVHG�DV�RQH

PRYHG�WRZDUG�WKH�VRXWKHUQ�HQG�RI�WKH�QHWZRUN��ZKLFK�DOVR�ZDV�LQ�WKH�GLUHFWLRQ�RI�LQFUHDVLQJ

HOHYDWLRQ���6WDWLRQV�ORFDWHG�RQ�ZHOO�GHILQHG�VWHHS�VORSHV�VKRZ�D�YHU\�VWURQJ�GLXUQDO�YDULDWLRQ�LQ

2��FRQFHQWUDWLRQV�DQG�PHWHRURORJLFDO�FRQGLWLRQV���$LU�TXDOLW\�GLVWULEXWLRQV�RI�KRXUO\�GDWD�IURP

�����IRU�WKHVH�VLWHV�DUH�VKRZQ�LQ�)LJXUH�9,,�����+RXUO\�SHDN�2��FRQFHQWUDWLRQV�IURP�-XQH

WKURXJK�6HSWHPEHU�ZHUH�JUHDWHU�WKDQ������SSP�DW�DOO�VLWHV�QHDUO\�HYHU\�GD\��LQ�H[FHVV�RI�����

SSP�DW�PRVW�VLWHV�PRUH�WKDQ�KDOI�WKH�GD\V�DQG�LQ�H[FHVV�RI������SSP��DW�OHDVW�D�IHZ�GD\V�D

PRQWK���7KH�PRVW�LPSDFWHG�VLWHV��0RXQWDLQ�+RPH�������IW���DQG�6KDYHU�/DNH�������IW���ZHUH

WKH�VRXWKHUQPRVW�XQLWV�DQG�KDG�FRQFHQWUDWLRQV�DERYH������SSP�IRU�QHDUO\�KDOI�RI�WKH�GD\V

GXULQJ�WKH�PRQLWRULQJ�SHULRG���$W�WKH�WZR�VLWHV�LQ�WKH�PLGGOH�RI�WKH�QHWZRUN��-HUVH\GDOH������

IW���DQG�)LYH�0LOH�/HDUQLQJ�&HQWHU�������IW����WKH�GLXUQDO�YDULDWLRQV�LQ�2��ZHUH�QRW�YHU\�ZHOO

SURQRXQFHG�DQG�QLJKWWLPH�YDOXHV�UHPDLQHG�UHODWLYHO\�KLJK���$W�:KLWH�&ORXG�������IW����WKH

QRUWKHUQPRVW�XQLW�LQ�WKH�VWXG\��WKH�KLJKHVW�FRQFHQWUDWLRQV�RFFXUUHG�DW�QLJKW��ZKHQ�ZLQGV�ZHUH

IURP�WKH�11(��6LHUUD�&RRSHUDWLYH�2]RQH�,PSDFW�$VVHVVPHQW�6WXG\����������$W�WKH�WLPH�RI�WKLV

LQWHULP�UHSRUW��IROLDU�LQMXU\�LQIRUPDWLRQ�DW�WKHVH�VLWHV�LV�VWLOO�LQFRPSOHWHO\�FKDUDFWHUL]HG��

+RZHYHU��WKHVH�2��H[SRVXUHV�DUH�ZHOO�DERYH�WKRVH�FRQFHQWUDWLRQV�DVVRFLDWHG�ZLWK�YHJHWDWLRQ

LQMXU\���$FFRUGLQJ�WR�WKH�UHSRUW���DYDLODEOH�OLWHUDWXUH�LQGLFDWHV�WKDW�QHHGOH�LQMXU\�RFFXUV�IURP

H[SRVXUH�WR�2��FRQFHQWUDWLRQV�RI������SSP��DQG�LV�VLJQLILFDQW�DW�DQG�DERYH������SSP�������7KH

UHFRUGHG�GDWD�VXJJHVW�WKDW�VHULRXV�WR�VHYHUH�H[SRVXUH��!������SSP��RI�SLQHV�WR�R]RQH�LV�OLNHO\�

�6LHUUD�&RRSHUDWLYH�2]RQH�,PSDFW�$VVHVVPHQW�6WXG\��������

(DVWHUQ�0RQLWRUHG�$LU�4XDOLW\����4XHVWLRQV�KDYH�EHHQ�UDLVHG�DV�WR�ZKHWKHU�2��DLU

TXDOLW\�GLVWULEXWLRQV�H[SHULHQFHG�DW�HDVWHUQ�VLWHV�DUH�UHSUHVHQWDWLYH�RI�VLWHV�LQ�WKH�ZHVWHUQ



���

8QLWHG�6WDWHV���'LIIHUHQFHV�LQ�ELRJHQLF�SUHFXUVRUV�DQG�PRUH�JUDGXDO�FKDQJHV�LQ�HOHYDWLRQ�WKDW

QHYHU�UHDFK�WKH�KLJK�HOHYDWLRQV�IRXQG�LQ�WKH�ZHVW�FRPSOLFDWH�HIIRUWV�WR�GHILQH�DQ�2��DLU�TXDOLW\

SDWWHUQ�WKDW�FRQVLVWHQWO\�DSSOLHV�WR�DOO�KLJK�HOHYDWLRQ�VLWHV�QDWLRQDOO\���,Q�HDVWHUQ�ORFDWLRQV��WKH

UHODWLYHO\�IODW�DLU�TXDOLW\�SDWWHUQV�FRQVLGHUHG�W\SLFDO�RI�D�KLJK�HOHYDWLRQ�VLWH



���

,QVHUW�)LJXUH�9,,��



���

�LQFOXGLQJ�DQ�DUHD�EHLQJ�DERYH�WKH�QRFWXUQDO�LQYHUVLRQ�OD\HU�DQG�EHLQJ�DIIHFWHG�E\�ORQJ

GLVWDQFH�RU�UHJLRQDO�WUDQVSRUW��RFFXU�DW�GLIIHUHQW�KHLJKWV�

,Q�D�VWXG\�E\�:LQQHU�HW�DO���������DQ�HIIRUW�ZDV�PDGH�WR�UHODWH�2��H[SRVXUH�SDWWHUQV�WR

HOHYDWLRQ���6HYHUDO�VLWHV�ZHUH�PRQLWRUHG�LQ�ZHVWHUQ�9LUJLQLD�IURP�0D\�WR�'HFHPEHU������

UDQJLQJ�LQ�HOHYDWLRQ�IURP�����P�WR������P���,Q�JHQHUDO��WKH�KLJK�HOHYDWLRQ�VLWH��%LJ�0HDGRZV�

LQ�WKH�6KHQDQGRDK�1DWLRQDO�3DUN��KDG�KLJKHU�PRQWKO\�2��FRQFHQWUDWLRQV�WKDQ�WKH�ORZHU

HOHYDWLRQ�VLWHV���+RZHYHU��WKH�QXPEHU�RI�SHDN�2��RFFXUUHQFHV��!������SSP��GLG�QRW

QHFHVVDULO\�LQFUHDVH�ZLWK�DOWLWXGH���,QVWHDG��KLJKHU�PRQWKO\�DYHUDJHV�VHHP�WR�EH�DVVRFLDWHG

PRUH�ZLWK�D�ODFN�RI�QLJKWWLPH�VFDYHQJLQJ�WKDQ�ZLWK�D�ODUJH�QXPEHU�RI�SHDN�KRXUO\

FRQFHQWUDWLRQV���$GGLWLRQDO�FRPSDULVRQV�ZLWK�WKH�IROORZLQJ�\HDUV�����������VKRZHG�WKDW�WKH

SDWWHUQ�ZDV�FRQVLVWHQW�DFURVV�\HDUV�

/HIRKQ�HW�DO���������FRPSDUHG�VHYHUDO�VLWHV�ORFDWHG�LQ�:HVW�9LUJLQLD��9LUJLQLD��DQG

3HQQV\OYDQLD�IRU�WKH�\HDUV������WKURXJK������LQ�WHUPV�RI�WKH�VHDVRQDO��$SULO�WR�2FWREHU�����K

:����H[SRVXUH�LQGH[��DV�VKRZQ�LQ�)LJXUH�9,,�����2I�WKH����VLWHV�ZLWK�GDWD�IRU�DOO���\HDUV��WKH

��VLWHV�ZLWK�WKH�KLJKHVW�H[SRVXUHV�ZHUH�DOVR�WKH�KLJKHU�HOHYDWLRQ�VLWHV��!�����P���ZKLOH�WKRVH

VLWHV�ZLWK�WKH�ORZHU�H[SRVXUHV�ZHUH�DOO�EHORZ�����P�LQ�HOHYDWLRQ���7KH�KLJKHVW�HOHYDWLRQ�VLWHV

ZHUH�DOVR�REVHUYHG�WR�KDYH�D�ODUJH�QXPEHU�RI�2��HSLVRGHV��ZLWK�WKH�QXPEHU�RI�KRXUO\�SHDNV�!

�����SSP�UDQJLQJ�IURP�RQO\�D�IHZ�LQ������WR�RYHU�����LQ������

7KRXJK�WKHVH�YDOXHV�ZHUH�FROOHFWHG�RYHU�D���PRQWK�SHULRG��LQ������DOO����VLWHV

H[FHHGHG�WKH���PRQWK�:����OHYHO�������SSP�KU��LGHQWLILHG�E\�+RJVHWW�HW�DO���������DV

SURWHFWLQJ�����RI�WKH�WUHH�VHHGOLQJ�FDVHV�VWXGLHG�IURP�JUHDWHU�WKDQ�����ELRPDVV�ORVV��ZKLOH

RQO\�WZR�VLWHV�ZHUH�EHORZ�WKLV�OHYHO�LQ��������,Q�WKH�RWKHU�\HDUV��H[FHSW�IRU�������PRUH�WKDQ

KDOI�WKH�VLWHV�H[FHHGHG�WKLV�OHYHO��)LJXUH�9,,������6XFK�SDWWHUQV�DUH�FRQVLVWHQW�ZLWK�UHVXOWV�RI

UHFHQW�PRQLWRULQJ�LQ�WKH�*UHDW�6PRNLHV�1DWLRQDO�3DUN�GHVFULEHG�E\�1HXIHOG�HW�DO����������

+RZHYHU��ZLWK�RQO\���SHUPDQHQW�DQG���VHDVRQDO�PRQLWRULQJ�VWDWLRQV��2��OHYHOV�DUH�QRW�ZHOO

FKDUDFWHUL]HG�RYHU�PXFK�RI�WKH�SDUN�

7KRXJK�2��FRQFHQWUDWLRQV�LQ�WKH�HDVW�PD\�QRW�UHDFK�KLJK�FRQFHQWUDWLRQV�DV�IUHTXHQWO\�DV

LQ�WKH�ZHVW��WKH�DERYH�VWXGLHV�LQGLFDWH�WKDW�2��DLU�TXDOLW\�LQ�VRPH�IRUHVWHG�DUHDV�LQ�WKH�HDVW

FRQWDLQ�ERWK�SHDN�DQG�FXPXODWLYH��VHDVRQDO�H[SRVXUHV�NQRZQ�WR�KDYH�FDXVHG�ERWK�IROLDU�LQMXU\

DQG�JURZWK�UHGXFWLRQ�LQ�VRPH�YHJHWDWLRQ�



���

,QVHUW�)LJXUH�9,,��



���

8QFHUWDLQWLHV�LQ�$LU�4XDOLW\�5HODWLRQVKLSV���$V�KDV�EHHQ�VKRZQ�HDUOLHU�LQ�WKLV�GRFXPHQW

�)LJXUH�9,,�����GLXUQDO�SDWWHUQV�RI�2��FDQ�GLIIHU�VLJQLILFDQWO\�EHWZHHQ�XUEDQ�DQG�UXUDO�DUHDV��

7KH�VWDII
V�HYDOXDWLRQ�RI�PRQLWRULQJ�GDWD�LQGLFDWHV�WKDW�WKHUH�LV�FRQVLGHUDEOH�RYHUODS�EHWZHHQ

DUHDV�H[FHHGLQJ�D������SSP����KU��VWDQGDUG�DQG�WKRVH�H[FHHGLQJ�WKH����WR����SSP�KU��UDQJH�RI

FRQFHUQ�IRU�YHJHWDWLRQ��VXJJHVWLQJ�WKDW�LPSURYHPHQWV�LQ�QDWLRQDO�DLU�TXDOLW\�IURP�DWWDLQLQJ�DQ

��KRXU�SULPDU\�VWDQGDUG�ZLWKLQ�WKH�UHFRPPHQGHG�UDQJH�RI�OHYHOV�ZRXOG�DOVR�UHGXFH�OHYHOV

EHORZ�WKRVH�RI�FRQFHUQ�IRU�YHJHWDWLRQ�LQ�WKRVH�VDPH�DUHDV���+RZHYHU��WKHUH�UHPDLQV�FRQFHUQ

ZKHWKHU�XUEDQ�FRQWURO�VWUDWHJLHV�ZRXOG�UHVXOW�LQ�DWWDLQPHQW�RI�HLWKHU���KU�RU�FXPXODWLYH

VWDQGDUGV�LQ�GRZQZLQG�UXUDO�DUHDV���7KHUHIRUH��LQ�RUGHU�WR�GHYHORS�D�PRUH�FRPSOHWH

XQGHUVWDQGLQJ�RI�UXUDO�DQG�UHPRWH�2��DLU�TXDOLW\�DQG�LWV�UHODWLRQVKLS�WR�DWWDLQPHQW�RI�YDULRXV

SULPDU\�RSWLRQV��VWDII�H[DPLQHG�YDULRXV�WHFKQLTXHV�DQG�PHWKRGV�WKDW�KDYH�EHHQ�RU�DUH�XVHG�WR

SURGXFH�VSDWLDO�HVWLPDWLRQV�RI�QDWLRQDO�2��H[SRVXUH�

6SDWLDO�(VWLPDWLRQ�RI�2]RQH�([SRVXUH���$W�WKH�WLPH�RI�WKH�1&/$1�UHVHDUFK�SURMHFW

GLVFXVVHG�LQ�WKH�SUHYLRXV�VHFWLRQ��QDWLRQDO�DLU�TXDOLW\�W\SLFDO�RI�DJULFXOWXUDO�FURS�JURZLQJ�DUHDV

ZDV�XQNQRZQ���7R�HVWLPDWH�2��H[SRVXUH�RYHU�QRQ�PRQLWRUHG�DUHDV�DFURVV�WKH�FRXQWU\�

1&/$1�XVHG�WKH�VSDWLDO�LQWHUSRODWLRQ�WHFKQLTXH�RI�NULJLQJ���.ULJLQJ��OLNH�DOO�VSDWLDO

LQWHUSRODWLRQ�WHFKQLTXHV��LV�EDVHG�RQ�WKH�FRPPRQ�REVHUYDWLRQ�WKDW��RQ�DYHUDJH��SRLQWV�FORVH

WRJHWKHU�LQ�VSDFH�DUH�PRUH�OLNHO\�WR�KDYH�VLPLODU�YDOXHV�RI�D�SURSHUW\�WKDQ�SRLQWV�IXUWKHU�DZD\�

�$V�VXFK��VSDWLDO�LQWHUSRODWRUV�JHQHUDWH�D�JHQHUDOO\�VPRRWK�JUDGLHQW�RI�YDOXHV�IURP�RQH

PRQLWRUHG�VLWH�WR�DQRWKHU���7KUHH�NH\�LVVXHV�DIIHFW�WKH�UHOLDELOLW\�DQG�DSSURSULDWHQHVV�RI�XVLQJ

VSDWLDO�LQWHUSRODWLRQ�WR�HVWLPDWH�2��H[SRVXUH�YDOXHV�DW�QRQ�PRQLWRUHG�ORFDWLRQV���7KHVH�DUH����

WKH�VSDWLDO�UHSUHVHQWDWLYHQHVV�RI�WKH�PRQLWRUHG�VLWHV�����WKH�VDPSOLQJ�GHQVLW\�RI�WKH�PRQLWRUHG

VLWHV��DQG����WKH�VSDWLDO�YDULDWLRQ�RI�2����8VLQJ�VSDWLDO�LQWHUSRODWLRQ�WR�HVWLPDWH�2��H[SRVXUH�DW

QRQ�PRQLWRUHG�ORFDWLRQV�LV�DSSURSULDWH�RQO\�LI�WKH�PRQLWRUHG�VLWHV�DUH�UHSUHVHQWDWLYH�RI�DOO

SRVVLEOH�ORFDWLRQV�WR�ZKLFK�DQ�HVWLPDWH�LV�WR�EH�PDGH�DQG�LI�WKH�PRQLWRUHG�VLWHV�RFFXU�DW�D

VXIILFLHQW�VDPSOLQJ�GHQVLW\�WR�DGHTXDWHO\�UHSUHVHQW�WKH�QRQ�PRQLWRUHG�DUHDV�DQG�FDSWXUH�WKH

VSDWLDO�YDULDWLRQ�LQ�2��H[SRVXUH�LQ�WKHVH�QRQ�PRQLWRUHG�DUHDV���7KDW�LV��WKH�PRQLWRUHG�VLWHV

PXVW�EH�DEOH�WR�FDSWXUH�WKH�IUHTXHQF\�DQG�DPSOLWXGH�RI�H[SRVXUH��SHDNV�DQG�YDOOH\V����7KH

H[LVWLQJ�PRQLWRULQJ�QHWZRUN�LV�LQDGHTXDWH�WR�PDNH�HVWLPDWHV�RI�2��H[SRVXUH�RYHU�ODUJH�VHFWLRQV

RI�WKH�FRXQWU\��VHH�VHFWLRQ�9,,�)����



���

�����0RUH�UHFHQWO\�RWKHU�WHFKQLTXHV�KDYH�EHHQ�XVHG�WR�HVWLPDWH�2��H[SRVXUH�RYHU�QRQ�PRQLWRUHG

DUHDV���7KHVH�LQFOXGH�FRPSXWHU�VLPXODWLRQ�RU�PRGHOLQJ�DSSURDFKHV�VXFK�DV�WKH�UHJLRQDO�R[LGDQW

PRGHO��520����6XFK�PRGHOLQJ�DSSURDFKHV�SUHGLFW�2��DLU�TXDOLW\�E\�VLPXODWLQJ�WKH�PDQ\

FKHPLFDO�DQG�SK\VLFDO�IDFWRUV�DQG�UHODWLRQVKLSV�WKDW�LQIOXHQFH�2��IRUPDWLRQ��WUDQVSRUW�DQG

DWWHQXDWLRQ���2EWDLQLQJ�WKH�LQSXW�GDWD�WR�UXQ�VXFK�PRGHOV�DQG�LGHQWLI\LQJ�WKH�PDWKHPDWLFDO

UHODWLRQVKLSV�EHWZHHQ�DOO�WKH�PDQ\�YDULDEOHV�LV�DQ�H[SHQVLYH�DQG�WLPH�FRQVXPLQJ�SURFHVV��

0RGHOLQJ�WKH�VSDWLDO�YDULDELOLW\�RI�2��DLU�TXDOLW\�IURP�WKHVH�UHODWLRQVKLSV�FDQ�HDVLO\�EHFRPH�D

WDVN�RQ�WKH�VDPH�PDJQLWXGH�DV�PRGHOLQJ�ZHDWKHU�DQG�FOLPDWH�FKDQJH��UHTXLULQJ�PDVVLYH

FRPSXWDWLRQDO�SRZHU�

�����7KH�1+((5/�:('�LV�XVLQJ�D�JHRJUDSKLFDO�LQIRUPDWLRQ�V\VWHP��*,6��DV�D�WRRO�WR�GHYHORS

DQ�HVWLPDWLRQ�WHFKQLTXH�WKDW�KDV�FKDUDFWHULVWLFV�RI�ERWK�LQWHUSRODWLRQ�DQG�PRGHOLQJ��+RJVHWW�HW

DO�����������*,6�LV�D�IRUPDOL]HG�FRPSXWHU�WRRO�WKDW�DOORZV�RQH�WR�LQWHJUDWH�DQG�PDQLSXODWH

VSDWLDO�GDWD���$�*,6�KDV�FKDUDFWHULVWLFV�VLPLODU�WR�RWKHU�FRPSXWHU�SURJUDPV�VXFK�DV

FRPSXWHUL]HG�PDSSLQJ��GDWDEDVH�PDQDJHUV��DQG�VSUHDG�VKHHWV�DQG��LQ�IDFW��*,6�KDV�ERUURZHG

KHDYLO\�IURP�WKHVH�WHFKQRORJLHV�

�����7KH�REMHFWLYH�RI�WKH�*,6�EDVHG�WHFKQLTXH�LV�WR�LPSURYH�WKH�HVWLPDWLRQ�RI�2��DLU�TXDOLW\�LQ

QRQ�PRQLWRUHG�DUHDV�E\�XVLQJ�LQIRUPDWLRQ�RQ�IDFWRUV�WKDW�LQIOXHQFH�2��IRUPDWLRQ�DQG�WUDQVSRUW�

�7KHVH�IDFWRUV�LQFOXGH�VRXUFHV�RI�2��IRUPLQJ�SUHFXUVRUV��ZLQG�GLUHFWLRQ��WHPSHUDWXUH��FORXG

FRYHU��HOHYDWLRQ��DQG�GLVWDQFH�IURP�HPLVVLRQV�VRXUFHV���7KH�IDFWRUV�DUH�XVHG�WR�LGHQWLI\�WKH

H[SHFWHG�WUHQGV�DQG�SDWWHUQV�RI�2��DLU�TXDOLW\�RQH�FRXOG�ORJLFDOO\�H[SHFW�WR�REVHUYH�EHWZHHQ�WKH

VSDUVH�DQG�GLVWDQW�PRQLWRUHG�VLWHV���7KH�DVVXPSWLRQ�LV�WKDW�DUHDV�H[SHULHQFLQJ�D�JUHDW�QXPEHU

RI�GD\V�ZLWK�HOHYDWHG�WHPSHUDWXUHV�DQG�ORZ�FORXG�FRYHU�DQG�WKDW�DUH�GRZQ�ZLQG�RI�VLWHV�KDYLQJ

ODUJH�HPLVVLRQV�RI�2��IRUPLQJ�SUHFXUVRUV�ZLOO�KDYH�D�JUHDWHU�SRWHQWLDO�IRU�H[SHULHQFLQJ

HOHYDWHG�2��FRQFHQWUDWLRQV�WKDQ�DUHDV�QRW�VLWXDWHG�LQ�VXFK�KLJK�SRWHQWLDO�ORFDWLRQV�

�����7R�PDNH�HVWLPDWLRQV�RI�2��DLU�TXDOLW\�LQ�QRQ�PRQLWRUHG�DUHDV�WKH�*,6�LV�XVHG�WR�FUHDWH�ZKDW

LV�UHIHUUHG�WR�DV�D�SRWHQWLDO�H[SRVXUH�VXUIDFH��3(6��XVLQJ�LQIRUPDWLRQ�DERXW�WKH�LQIOXHQFLQJ

IDFWRUV���7KH�IRUP�RI�WKH�3(6�LV�D����NP�JULG�VXSHULPSRVHG�DFURVV�WKH�FRXQWU\���(DFK����NP

FHOO�RI�WKH�3(6�UHFHLYHV�D�YDOXH�UHSUHVHQWLQJ�WKH�VXP�RI�DOO�IDFWRUV�LQIOXHQFLQJ�2��IRUPDWLRQ

DQG�GLVSHUVDO���+HQFH�FHOOV�LQ�ORFDWLRQV�ZLWK�KLJK�WHPSHUDWXUHV�DQG�JHQHUDOO\�FORXG�IUHH�VNLHV

DQG�GRZQ�ZLQG�IURP�ODUJH�DPRXQWV�RI�2��IRUPLQJ�SUHFXUVRUV�ZLOO�KDYH�KLJK�YDOXHV���2QFH�WKH



���

3(6�LV�FUHDWHG��WKH�UHODWLRQVKLS�EHWZHHQ�WKH�3(6�YDOXHV�DQG�PRQLWRUHG�2��YDOXHV�DW�HDFK

PRQLWRUHG�VLWH�DUH�XVHG�WR�FDOLEUDWH�WKH�3(6�VR�WKDW�LW�FDQ�EH�XVHG�DV�D�VXUURJDWH�IRU�2��DLU

TXDOLW\�LQ�QRQ�PRQLWRUHG�DUHDV���5DWKHU�WKDQ�DVVXPLQJ�D�VPRRWKO\�FKDQJLQJ�VXUIDFH�EHWZHHQ

WKH�PRQLWRUHG�VLWHV�DV�WUDGLWLRQDO�LQWHUSRODWLRQ�WHFKQLTXHV�GR��WKH�*,6�EDVHG�DSSURDFK�SUHGLFWV

PRUH�VWUXFWXUH�EHWZHHQ�PRQLWRUHG�VLWHV�EDVHG�RQ�IDFWRUV�NQRZQ�WR�LQIOXHQFH�2��DLU�TXDOLW\��

$OWKRXJK�WKLV�LQWHJUDWHG�*,6�EDVHG�DSSURDFK�LV�QRW�DV�FRPSOH[�RU�VRSKLVWLFDWHG�DV�D�WUXH

FRPSXWHU�PRGHO�LW�KDV�WKH�DGYDQWDJH�RI�XVLQJ�GDWD�WKDW�LV�UHDGLO\�DYDLODEOH�DFURVV�WKH�HQWLUH

FRXQWU\��LV�UHODWLYHO\�LQH[SHQVLYH�WR�UXQ��DQG�DOORZV�RQH�WR�TXLFNO\�SURGXFH�HVWLPDWHV�RI�DQ\

H[SRVXUH�LQGH[�IRU�PXOWLSOH�PRQWKV�RU�\HDUV�

8QFHUWDLQWLHV�$VVRFLDWHG�ZLWK�*,6�%DVHG�2]RQH�$LU�4XDOLW\�(VWLPDWLRQ�7HFKQLTXH���

$V�ZLWK�DQ\�VSDWLDO�LQWHUSRODWLRQ�WHFKQLTXH�WKDW�PXVW�UHO\�RQ�VSDUVH�GDWD�UHSUHVHQWDWLYH�RI

XUEDQ�RU�QHDU�XUEDQ�DUHDV�XQFHUWDLQW\�LV�JUHDW�DQG�QRQ�TXDQWLILDEOH���,QWXLWLYHO\�WKH�HVWLPDWHV

PDGH�IURP�WKH�*,6�EDVHG�DSSURDFK�PDNH�PRUH�VHQVH�WKDQ�WKRVH�PDGH�XVLQJ�D�WUDGLWLRQDO

VSDWLDO�LQWHUSRODWLRQ�WHFKQLTXH�VXFK�DV�NULJLQJ�RU�LQYHUVH�GLVWDQFH�ZHLJKWLQJ���7KLV�LV�HVSHFLDOO\

WUXH�LQ�WKH�ZHVWHUQ�8�6��ZKHUH�PRQLWRULQJ�VLWHV�DUH�PDQ\�KXQGUHGV�RI�NLORPHWHUV�DSDUW���7KH

*,6�EDVHG�DSSURDFK�SUHGLFWV�ODUJH�DUHDV�RI�WKH�:HVW�DV�KDYLQJ�ORZ�2��DLU�TXDOLW\�GXH�WR�WKHLU

UHPRWHQHVV�WR�VRXUFHV�RI�2��IRUPLQJ�SUHFXUVRUV�ZKHUHDV�WUDGLWLRQDO�LQWHUSRODWRUV�SUHGLFW�D

JHQHUDOO\�VPRRWK�JUDGLHQW�RI�HOHYDWHG�DLU�TXDOLW\�EHWZHHQ�VXFK�GLVWDQW�PRQLWRUV�DV�6DQ

)UDQFLVFR��6DOW�/DNH�&LW\��DQG�6HDWWOH���7KH�*,6�EDVHG�WHFKQLTXH�PDNHV�XVH�RI�WKH�GDWD�YDOXHV

DW�HDFK�PRQLWRUHG�VLWH�DQG�KRQRUV�WKH�PRQLWRUHG�YDOXH�DW�HDFK�VLWH���$VVXPLQJ�WKH�3(6�LV�D

UHOLDEOH�LQGLFDWRU�RI�WKH�SDWWHUQV�DQG�YDULDWLRQ�RI�2��DLU�TXDOLW\�EHWZHHQ�PRQLWRUHG�VLWHV�DQG

VLQFH�WKH�GHQVLW\�RI�WKH����NP�JULG�RI�3(6�YDOXHV�LV�PXFK�JUHDWHU�WKDQ�WKH�GHQVLW\�RI�PRQLWRUHG

2��VLWHV��ZKLFK�FDQ�EH�KXQGUHGV�RI�NLORPHWHUV�DSDUW��WKH�DELOLW\�WR�FDSWXUH�WUHQGV�DQG�YDULDWLRQ

RI�2��DLU�TXDOLW\�EHWZHHQ�PRQLWRUHG�VLWHV�LV�WKHRUHWLFDOO\�LPSURYHG���+RZHYHU��(3$�UHFRJQL]HV

WKDW�XQFHUWDLQWLHV�LQKHUHQW�LQ�PHWKRGV�IRU�HVWLPDWLQJ�DLU�TXDOLW\�DQG�IRU�DGMXVWLQJ�DLU�TXDOLW\�WR

FRQVLGHU�GLIIHUHQW�DWWDLQPHQW�VFHQDULRV�UHPDLQ���0RUHRYHU��ZKLOH�WKH�UHVXOWV�RI�DSSO\LQJ�WKH

*,6�WHFKQLTXH�FRUUHVSRQG�ZHOO�ZLWK�RWKHU�PHWKRGV�IRU�DVVHVVLQJ�DQG�GLVSOD\LQJ�DLU�TXDOLW\�GDWD

IURP�WKH�VDPH�\HDU��WKHUH�KDV�EHHQ�QR�IRUPDO�H[WHUQDO�SHHU�UHYLHZ�RU�SHUIRUPDQFH�HYDOXDWLRQ

RI�WKLV�QDWLRQDO�DLU�TXDOLW\�H[WUDSRODWLRQ�



���

�� $VVHVVPHQW�RI�5LVNV�WR�9HJHWDWLRQ

)RU�RYHU�WZHQW\�\HDUV�(3$�KDV�EHHQ�GHYHORSLQJ��GHIHQGLQJ�DQG�HQIRUFLQJ�ULVN

DVVHVVPHQW�EDVHG�UHJXODWLRQ��8�6��(3$����������7R�PDNH�LWV�ULVN�DVVHVVPHQW�DSSURDFK�PRUH

WUDQVSDUHQW�WR�WKRVH�RXWVLGH�(3$��KRZHYHU��WKH�$JHQF\�KDV�EHJXQ�WR�HVWDEOLVK�$JHQF\�ZLGH

JXLGDQFH�DQG�SULQFLSOHV�IRU�ULVN�DVVHVVPHQW��ULVN�FKDUDFWHUL]DWLRQ�DQG�ULVN�PDQDJHPHQW����$V

SDUW�RI�WKLV�HIIRUW��WKH�$JHQF\
V������*XLGDQFH�RQ�5LVN�&KDUDFWHUL]DWLRQ�IRU�5LVN�0DQDJHUV

DQG�5LVN�$VVHVVRUV�ZDV�XSGDWHG�LQ�)HEUXDU\��������DQG�RQ�0DUFK����������WKH�$GPLQLVWUDWRU

RI�(3$�VLJQHG�D��3ROLF\�IRU�5LVN�&KDUDFWHUL]DWLRQ�����7KRXJK�ERWK�RI�WKHVH�GRFXPHQWV�ZHUH

GHVLJQHG�VSHFLILFDOO\�WR�DGGUHVV�KXPDQ�KHDOWK��JXLGDQFH�VSHFLILF�WR�HFRORJLFDO�ULVN�ZLOO�EH

DYDLODEOH�LQ�WKH�IXWXUH���,Q�WKH�PHDQWLPH��PDQ\�RI�WKH�VWHSV�LQYROYHG�LQ�D�KXPDQ�KHDOWK�ULVN

DVVHVVPHQW�KDYH�SDUDOOHOV�LQ�HQYLURQPHQWDO�DVVHVVPHQWV��H�J���KD]DUG�LGHQWLILFDWLRQ��GRVH�

UHVSRQVH�DVVHVVPHQW��H[SRVXUH�DVVHVVPHQW����7KXV��XQFHUWDLQWLHV�UHJDUGLQJ�KXPDQ�KHDOWK�ULVN

DVVHVVPHQW�FDQ�DOVR�EH�IRXQG�LQ�WHFKQLTXHV�IRU�DVVHVVLQJ�ULVNV�WR�YHJHWDWLRQ��H�J���H[WUDSRODWLQJ

IURP�H[SRVXUH�UHVSRQVH�IXQFWLRQV�HVWDEOLVKHG�LQ�FOLQLFDO�VWXGLHV�RU��LQ�WKH�FDVH�RI�YHJHWDWLRQ�

IURP�RSHQ�WRS�FKDPEHUV�

7KLV�VHFWLRQ�XVHV�DQG�EXLOGV�XSRQ�HIIHFWV�DQG�H[SRVXUH�UHVSRQVH�LQIRUPDWLRQ�GUDZQ

IURP�WKH�&'�ZLWK�DGGLWLRQDO�LQIRUPDWLRQ�RQ�ORFDWLRQ�RI�VHQVLWLYH�VSHFLHV�DQG�*,6�SURMHFWHG

QDWLRQDO�2��DLU�TXDOLW\�WR�LGHQWLI\�SRWHQWLDO�DUHDV�RI�UHVLGXDO�ULVN�WR�YHJHWDWLRQ�IRU�FURS�\LHOG

DQG�RU�WUHH�VHHGOLQJ�ELRPDVV�ORVV��XQGHU�YDULRXV�DOWHUQDWLYH�SULPDU\�DQG�VHFRQGDU\�DWWDLQPHQW

VFHQDULRV���$GGLWLRQDOO\��WKLV�VHFWLRQ�GLVFXVVHV�SRWHQWLDO�TXDOLWDWLYH�ULVNV�WR�YHJHWDWLRQ

LQFOXGLQJ�LPSDFWV�RQ�ELRGLYHUVLW\��ORQJ�WHUP�KHDOWK�RI�IRUHVWV�DQG�IRUHVWHG�HFRV\VWHPV�

DHVWKHWLF�YDOXHV��DQG�RQ�WKH�YDOXH�RI�YHJHWDWLRQ�DV�KDELWDWV�IRU�ELUGV�DQG�RWKHU�VSHFLHV�

,Q�RUGHU�WR�HYDOXDWH�WKH�SUHVHQW�ULVN�WR�YHJHWDWLRQ�XQGHU�DPELHQW�DLU�TXDOLW\��WKH�*,6

ZDV�XVHG�WR�SURMHFW�VHDVRQDO�2��DLU�TXDOLW\�IRU�D�EDVH�\HDU��VHOHFWHG�DV�������LQ�WHUPV�RI�WKH��

PRQWK�����K�680���H[SRVXUH�LQGH[��)LJXUH�9,,�������7KH�PDS�IRU�WKH�VDPH�VFHQDULR�VKRZQ�LQ

)LJXUH�9,,����FDQ�EH�IRXQG�LQ�$SSHQGL[�(�H[SUHVVHG�LQ�WHUPV�RI�:������7KRXJK�WKH

XQFHUWDLQW\�DVVRFLDWHG�ZLWK�WKHVH�DLU�TXDOLW\�SURMHFWLRQV�FDQQRW�EH�TXDQWLILHG��DV�VWDWHG�DERYH�

LQ�WKH�DEVHQFH�RI�PRUH�FRPSOHWH�PRQLWRULQJ�GDWD�LW�VHUYHV�DV�D�XVHIXO�WRRO�IRU�LGHQWLI\LQJ�DUHDV

DFURVV�WKH�FRXQWU\�ZKHUH�H[SRVXUH�OHYHOV�ZRXOG�EH�H[SHFWHG�WR�H[FHHG�WKRVH�NQRZQ�WR�SURGXFH

\LHOG�RU�ELRPDVV�ORVV�DW�JLYHQ�OHYHOV�IRU�FURSV�DQG�WUHHV��UHVSHFWLYHO\��



���

,QVHUW�)LJXUH�9,,���



���

6WDII�MXGJHV�WKDW�D�YLVXDO�FRPSDULVRQ�RI�)LJXUH�9,,����ZLWK�WKH������PDS�RI�PRQLWRUHG�680��

YDOXHV�JUHDWHU�WKDQ����SSP�KUV�E\�FRXQW\��)LJXUH�,9����LQ�FKDSWHU�,9�VKRZV�D�JRRG�PDWFK�

LQFUHDVLQJ�VWDII
V�FRQILGHQFH�LQ�WKHVH�DLU�TXDOLW\�SURMHFWLRQV�

)LJXUH�9,,����VXJJHVWV�WKDW�XQGHU�WKH�EDVH�\HDU��������DLU�TXDOLW\��D�ODUJH�SRUWLRQ�RI

&DOLIRUQLD�DQG�D�IHZ�ORFDOL]HG�DUHDV�LQ�1RUWK�&DUROLQD�DQG�*HRUJLD�KDYH�VHDVRQDO�2��OHYHOV

DERYH�WKDW�KDYH�EHHQ�UHSRUWHG�WR�SURGXFH�JUHDWHU�WKDQ�����\LHOG�ORVV�LQ�����RI�1&/$1�FURSV

DQG�JUHDWHU�WKDQ�����ELRPDVV�ORVV�LQ�����RI�VWXGLHG�WUHH�VHHGOLQJ�VSHFLHV���$�EURDGHU

PXOWLVWDWH�UHJLRQ�LQ�WKH�HDVW�LV�HVWLPDWHG�WR�KDYH�DLU�TXDOLW\�VXIILFLHQW�WR�DOORZ�XS�WR�����\LHOG

ORVV�LQ�����RI�1&/$1�FURSV�DQG�����ELRPDVV�ORVV�LQ�VHHGOLQJV��ZKLOH�DW�OHDVW�D�WKLUG�RI�WKH

FRXQWU\��DJDLQ�PRVWO\�LQ�WKH�HDVWHUQ�8�6��PRVW�OLNHO\�KDV�VHDVRQDO�H[SRVXUH�OHYHOV�ZKLFK�FRXOG

DOORZ�XS�WR�����\LHOG�ORVV�LQ�����RI�1&/$1�FURSV�DQG�VWXGLHG�VHHGOLQJV���7KXV��WKH�VWDII

FRQFOXGHV�WKDW�FXUUHQW�DLU�TXDOLW\�LV�UHVXOWLQJ�LQ�VLJQLILFDQW�LPSDFWV�WR�YHJHWDWLRQ��

0DSV�ZHUH�DOVR�JHQHUDWHG�IRU�VHOHFWHG��MXVW�DWWDLQ��VFHQDULRV��)LJXUHV�9,,���D�E�F��E\

DQDO\WLFDOO\�DGMXVWLQJ�DLU�TXDOLW\�GLVWULEXWLRQV�WR�UHIOHFW�DWWDLQPHQW�RI�YDULRXV�DOWHUQDWLYH

SULPDU\�VWDQGDUG�RSWLRQV��VHH�+RUVW��5��DQG�0��'XII����������7KHVH�PDSV��XVHG�LQ�HVWLPDWLQJ

EHQHILWV�RI�FRQWURO��FDQ�DOVR�GHSLFW�DUHDV�ZKLFK�PLJKW�H[SHULHQFH�UHVLGXDO�ULVN�DIWHU�DWWDLQPHQW

RI�WKH�VWDQGDUG��

:KHQ������DLU�TXDOLW\�LV�UROOHG�EDFN�WR�DWWDLQLQJ�WKH�FXUUHQW������SSP����KRXU�SULPDU\

DQG�VHFRQGDU\�1$$46��WKH�RYHUDOO�VHDVRQDO����KU�680���H[SRVXUHV�LPSURYH��EXW�QRW

GUDPDWLFDOO\��)LJXUH�9,,���D����7KH�DUHDV�LQ�1RUWK�&DUROLQD�DQG�*HRUJLD�SUHYLRXVO\�KDYLQJ

H[SRVXUH�OHYHOV�LQ�WKH�KLJKHVW�SDUW�RI�WKH�UDQJH�QRZ�GURS�GRZQ�WR�WKH�VHFRQG�KLJKHVW�OHYHO

������WR������SSP�KU����7KH�DUHD�LQ�&DOLIRUQLD�VKRZLQJ�H[SRVXUHV�LQ�WKH�KLJKHVW�SDUW�RI�WKH

UDQJH�VKULQNV��ZLWK�PRUH�DUHDV�QRZ�LQ�WKH�VHFRQG�KLJKHVW�OHYHO���$�IHZ�RWKHU�DUHDV��LQFOXGLQJ

DUHDV�LQ�7H[DV��/RXLVLDQD��2NODKRPD��0DU\ODQG��1HZ�-HUVH\�DQG�'HODZDUH�DOVR�GURSSHG�WR

WKH�WKLUG�KLJKHVW�UDQJH�������WR������SSP�KU��IURP�WKH�VHFRQG���+RZHYHU��XQGHU�WKLV

DWWDLQPHQW�VFHQDULR��WKHUH�DUH�VWLOO�DUHDV�RI�WKH�FRXQWU\�MXGJHG�WR�KDYH�VHDVRQDO�2��OHYHOV

VXIILFLHQW�WR�FDXVH�JUHDWHU�WKDQ��&DOLIRUQLD��RU�HTXDO�WR��PXOWLVWDWH�UHJLRQ�LQ�HDVW������DQG����

\LHOG�RU�ELRPDVV�ORVV�LQ�FURSV�DQG�WUHH�VHHGOLQJV��UHVSHFWLYHO\���7KXV��WKH�VWDII
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,QVHUW�)LJXUH�9,,���D
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,QVHUW�)LJXUH�9,,���E
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,QVHUW�)LJXUH�9,,���F
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FRQFOXGHV�WKDW�DWWDLQLQJ�WKH�FXUUHQW��SULPDU\�DQG�VHFRQGDU\��1$$46�GRHV�QRW�SURYLGH

DGHTXDWH�SURWHFWLRQ�RI�YHJHWDWLRQ�

7R�LOOXVWUDWH�WKH�LPSDFW�RI�UHFRPPHQGHG�DOWHUQDWLYH���KRXU�SULPDU\�VWDQGDUGV��H[SRVXUH

PDSV�KDYH�EHHQ�JHQHUDWHG�IRU�WKH������SSP�����DQG���H[SHFWHG�H[FHHGDQFH�DOWHUQDWLYHV���7KHVH

PDSV��)LJXUHV�9,,���E�F��VKRZ�D�PDUNHGO\�LPSURYHG�SLFWXUH�RI�2��DLU�TXDOLW\�FRPSDUHG�WR

)LJXUH�9,,���D��ZLWK�RQO\�VOLJKW�LPSURYHPHQWV�DFKLHYHG�E\�PRYLQJ�IURP�WKH���WR���H[SHFWHG�

H[FHHGDQFH�IRUP���7KH�RQO\�VWDWH�VWLOO�VKRZQ�WR�H[KLELW�VHDVRQDO�H[SRVXUHV�KLJK�HQRXJK�WR

UHVXOW�LQ�����\LHOG�ORVV�IRU�FURSV�LV�&DOLIRUQLD��ZKLOH�WKH�PDMRULW\�RI�WKH�VRXWKHDVW�KDV�EHHQ

HVWLPDWHG�WR�GURS�WR�H[SRVXUH�OHYHOV�WKDW�FRXOG�DOORZ�XS�WR�����\LHOG�DQG�ELRPDVV�ORVV�LQ����

RI�1&/$1�FURSV�DQG�WHVWHG�WUHH�VHHGOLQJV��UHVSHFWLYHO\��7KXV��WKH�VWDII�FRQFOXGHV�WKDW�D

SULPDU\�VWDQGDUG�RI������SSP����KU�����WR���H[SHFWHG�H[FHHGDQFH��ZKHQ�DWWDLQHG�DW�DOO

ORFDWLRQV��ZRXOG�EH�H[SHFWHG�WR�SURYLGH�VLJQLILFDQWO\�LPSURYHG�SURWHFWLRQ�RI�YHJHWDWLRQ�IURP

VHDVRQDO�2��H[SRVXUHV�RI�FRQFHUQ��

,W�UHPDLQV�XQFHUWDLQ��KRZHYHU��WKH�H[WHQW�WR�ZKLFK�DLU�TXDOLW\�LPSURYHPHQWV�GHVLJQHG�WR

UHGXFH���KRXU�2��FRQFHQWUDWLRQV�ZRXOG�UHGXFH�DOO�RI�WKH�ELRORJLFDOO\�UHOHYDQW�2��H[SRVXUHV

PHDVXUHG�E\�D�680���LQGH[���7KXV��EHFDXVH����WKH�ELRORJLFDO�GDWDEDVH�VWUHVVHV�WKH�LPSRUWDQFH

RI�FXPXODWLYH��VHDVRQDO�H[SRVXUHV�LQ�GHWHUPLQLQJ�SODQW�UHVSRQVH�����SODQWV�KDYH�QRW�EHHQ

VSHFLILFDOO\�WHVWHG�IRU�WKH�LPSRUWDQFH�RI�WKH�GDLO\�PD[LPXP���KRXU�2��FRQFHQWUDWLRQV�LQ

UHODWLRQ�WR�SODQW�UHVSRQVH��DQG����WKH�HIIHFWV�RI�DWWDLQPHQW�RI�DQ���KRXU�VWDQGDUG�RQ�VHDVRQDO�2�

DLU�TXDOLW\�GLVWULEXWLRQV�LV�VWLOO�XQFHUWDLQ��WKHVH�XQFHUWDLQWLHV�VKRXOG�EH�FRQVLGHUHG�ZKHQ

HYDOXDWLQJ�WKH�YHJHWDWLRQ�EHQHILWV�DVVRFLDWHG�ZLWK�DWWDLQLQJ�DOWHUQDWLYH�SULPDU\�VWDQGDUGV�

4XDQWLILDEOH�5LVNV��&RPPRGLW\�&URSV�DQG�)UXLWV�9HJHWDEOHV���)RU�HLJKW�RI�WKH�1&/$1

FURSV�IRU�ZKLFK�H[SRVXUH�UHVSRQVH�IXQFWLRQV�ZHUH�GHVFULEHG�LQ�WKH�&'��WKH������8�6�

'HSDUWPHQW�RI�$JULFXOWXUH�QDWLRQDO�FURS�SURGXFWLRQ�VWDWLVWLFV�ZHUH�XVHG�WR�GHULYH�WKH�ORFDWLRQ

DQG�W\SH�RI�FRPPRGLW\�FURSV�JURZLQJ�LQ�WKH�8�6����(3$
V�1+((5/�:('�DW�&RUYDOOLV��XVLQJ

WKH�*,6��FRPELQHG�WKLV�LQIRUPDWLRQ�ZLWK�SURMHFWLRQV�RI�DLU�TXDOLW\�EDVHG�RQ������PRQLWRULQJ

GDWD�DV�GLVFXVVHG�DERYH��WR�SURGXFH���PDSV�VKRZLQJ�HVWLPDWHG�\LHOG�ORVV�



���

LQGLYLGXDOO\�IRU�HDFK�RI�WKH���1&/$1�FURSV��$SSHQGL[�(����<LHOG�ORVVHV�JUHDWHU�WKDQ����

�UHODWLYH�WR�WKH�EDVHOLQH�RI�\LHOG�DW�2��OHYHOV�RI�������SSP�XVHG�LQ�WKH�1&/$1�SURMHFW��DUH

HVWLPDWHG�WR�RFFXU�LQ�D�IHZ�DUHDV�IRU�VR\EHDQ��NLGQH\�EHDQ��ZKHDW��FRWWRQ��DQG�SHDQXW��ZLWK

ORZHU�\LHOG�ORVVHV�HVWLPDWHG�IRU�EDUOH\��FRUQ��DQG�VRUJKXP���%XLOGLQJ�RQ�WKHVH�TXDQWLWDWLYH

HVWLPDWHV��DQG�DOVR�FRQVLGHULQJ�IUXLWV�DQG�YHJHWDEOHV�JURZQ�LQ�&DOLIRUQLD��VHFWLRQ�9,,�)��

HVWLPDWHV�WKH�HFRQRPLF�EHQHILWV�RI�UHGXFWLRQV�LQ�2��H[SRVXUH�DVVRFLDWHG�ZLWK�DOWHUQDWLYH

VWDQGDUGV�

4XDQWLILDEOH�5LVNV��7UHH�6HHGOLQJV���,Q�D�SURFHVV�VLPLODU�WR�WKDW�XVHG�IRU�FURSV�DERYH�

LQIRUPDWLRQ�RQ�H[SRVXUH�UHVSRQVH�IXQFWLRQV�IRU�ELRPDVV�ORVV�IRU�VHHGOLQJV�RI�HOHYHQ�WUHH

VSHFLHV�WDNHQ�IURP�WKH�&'�DQG�LQIRUPDWLRQ�RQ�WUHH�JURZLQJ�UHJLRQV�GHULYHG�IURP�WKH�8�6�

'HSDUWPHQW�RI�$JULFXOWXUH
V�$WODV�RI�8QLWHG�6WDWHV�7UHHV��/LWWOH��������ZDV�FRPELQHG�ZLWK

SURMHFWLRQV�RI�DLU�TXDOLW\�EDVHG�RQ������PRQLWRULQJ�GDWD��WR�SURGXFH����PDSV�VKRZLQJ

HVWLPDWHG�ELRPDVV�ORVV�LQGLYLGXDOO\�IRU�HDFK�RI�WKH����VHHGOLQJ�WUHH�VSHFLHV���7KHVH�PDSV

�$SSHQGL[�(��VKRZ�VLJQLILFDQW�YDULDELOLW\�LQ�SURMHFWHG�VHHGOLQJ�ELRPDVV�ORVV�XQGHU������DLU

TXDOLW\�FRQGLWLRQV�DFURVV�WKH�VSHFLHV�VWXGLHG���)RU�H[DPSOH��IRU�WKH�PRVW�VHQVLWLYH�VSHFLHV

VWXGLHG��EODFN�FKHUU\��VHHGOLQJ�ELRPDVV�ORVV�LV�SURMHFWHG�WR�EH�JUHDWHU�WKDQ�����IRU�RYHU�KDOI

RI�LWV�JHRJUDSKLF�UDQJH��WKRXJK�LW�FDQ�UHDFK�DV�KLJK�DV�����LQ�DV�PXFK�DV�����RI�LWV�JURZLQJ

DUHD���7XOLS�SRSODU�VHHGOLQJV�DUH�SUHGLFWHG�WR�KDYH�D�PHGLDQ�DUHD�ZHLJKWHG�ELRPDVV�ORVV�RI����

WKRXJK�PRUH�VHQVLWLYH�VWUDLQV�JURZLQJ�LQ�����RI�LWV�JHRJUDSKLF�UDQJH�PD\�H[SHULHQFH�XS�WR

����ELRPDVV�ORVV���7KH�OHVV�VHQVLWLYH�ZKLWH�SLQH�DQG�DVSHQ�VHHGOLQJV�UHDFK�D�SURMHFWHG�ELRPDVV

ORVV�XS�WR�����IRU�����RI�WKH�JURZLQJ�UHJLRQ�EXW�RQO\������RYHU�����RI�WKHLU�PDSSHG�DUHD��

6XJDU�PDSOH�DQG�SRQGHURVD�SLQH�VHHGOLQJ�ORVVHV�UDQJH�IURP�D�PD[LPXP�RI������LQ

DSSUR[LPDWHO\�����RI�WKHLU�JURZLQJ�UHJLRQ�WKRXJK�RQ�DYHUDJH�WKH\�H[SHULHQFH�RQO\�����

ELRPDVV�ORVV���%LRPDVV�ORVV�HVWLPDWHV�IRU�WKH�OHDVW�VHQVLWLYH�VSHFLHV�VWXGLHG��UHG�DOGHU��'RXJODV

ILU��9LUJLQLD�SLQH��DQG�UHG�PDSOH�VHHGOLQJV��DUH�SURMHFWHG�WR�EH�OHVV�WKDQ����LQ�DOO�DUHDV��

7KHVH�ILQGLQJV�DJDLQ�VKRZ�WKH�ZLGH�YDULDELOLW\�LQ�VHHGOLQJ�VHQVLWLYLWLHV��ERWK�LQWHU��DQG

LQWUDVSHFLILF���7KRXJK�WKHVH�PDSV�VKRZ�WKH�JHRJUDSKLFDO�UDQJH�IRU�HDFK�VSHFLHV��WKH\�GR�QRW

LQGLFDWH�WKDW�HDFK�VSHFLHV�ZLOO�EH�IRXQG�DW�HYHU\�SRLQW�ZLWKLQ�LWV�UDQJH���,W�VKRXOG�DOVR�EH

UHFRJQL]HG�WKDW�WKH�SURGXFWLRQ�RI�WKHVH�PDSV�LQFRUSRUDWHV�VHYHUDO�VHSDUDWH�VRXUFHV�RI

XQFHUWDLQW\��EHJLQQLQJ�ZLWK�WKH�H[SRVXUH�UHVSRQVH�IXQFWLRQV�SURGXFHG�IRU�VHHGOLQJV�LQ�RSHQ�WRS



���

FKDPEHUV�WR�WKH�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKH�LQSXWV�WR�WKH�*,6�DQG�SURMHFWLQJ�WR�WKH

QDWLRQDO�OHYHO���)XUWKHUPRUH��SHUFHQW�ELRPDVV�ORVV�LQ�WUHH�VHHGOLQJV�LV�QRW�LQWHQGHG�WR�SURYLGH

DQ\�LQIRUPDWLRQ�RQ�H[SHFWHG�ELRPDVV�ORVV�LQ�PDWXUH�WUHHV�RI�WKH�VDPH�VSHFLHV��QRU�FDQ�LW�EH

FRQVLGHUHG�FRPSDUDEOH�WR�SHUFHQW�\LHOG�ORVV�LQ�DJULFXOWXUDO�FURSV����7KH�ODWWHU�LV�EHFDXVH�D���

���ELRPDVV�ORVV�SHU�\HDU�LQ�SHUHQQLDO�VSHFLHV��LI�FRPSRXQGHG�RYHU�PXOWLSOH�\HDUV�RI�H[SRVXUH

FRXOG�EHFRPH�VHYHUH��ZKLOH�WKH�VDPH�SHUFHQWDJH�\LHOG�ORVV�LQ�FURSV�DQQXDOO\�ZRXOG�QRW�EH

VLJQLILFDQW��

8QFHUWDLQWLHV�LQ�4XDQWLWDWLYH�5LVN�$VVHVVPHQW��7KH�XQFHUWDLQWLHV�LQ�H[SRVXUH�UHVSRQVH

IXQFWLRQV��H[SHULPHQWDO�SURFHGXUHV��DLU�TXDOLW\�GDWD��DQG�WKH�XVH�RI�*,6�WHFKQRORJ\�DUH�DOO

KLJKOLJKWHG�DERYH���7KH�FRPELQDWLRQ�RI�WKHVH�HOHPHQWV�LQ�WKH�ULVN�DVVHVVPHQW�SURFHVV�LWVHOI�

KRZHYHU��SURGXFHV�DGGLWLRQDO�XQFHUWDLQWLHV�WKDW�DUH�GLVFXVVHG�KHUH���)LUVW��PDS�LQWHUSUHWDWLRQ

FDQ�EH�D�PDMRU�VRXUFH�RI�HUURU�LQ�SHUFHSWLRQ�EHFDXVH�PDSV�VKRZLQJ�WKH�JHRJUDSKLFDO�UDQJH�IRU

HDFK�VSHFLHV�GR�QRW�LQGLFDWH�WKDW�WKLV�VSHFLHV�ZLOO�EH�IRXQG�DW�HYHU\�SRLQW�ZLWKLQ�LWV�UDQJH���)RU

H[DPSOH��PDSV�SURMHFWLQJ�HVWLPDWHG�ELRPDVV�UHGXFWLRQ�IRU�LQGLYLGXDO�WUHH�VSHFLHV�PD\�EH

LQWHUSUHWHG�E\�VRPH�DV�VXJJHVWLQJ�D�KRPRJHQHRXVO\�GHQVH�PRQR�FXOWXUH�IRUHVW��ZKLFK�LV�QRW

WKH�FDVH���)XUWKHUPRUH��PDSV�RI�VSHFLHV�UDQJHV�GR�QRW�UHIOHFW�ZKHUH�D�SDUWLFXODU�VSHFLHV�LV�D

NH\�FRPSRQHQW�LQ�DQ�HFRORJLFDO�V\VWHP��RU�ZKHUH�D�SDUWLFXODU�VSHFLHV�LV�HFRQRPLFDOO\

LPSRUWDQW�WR�WKH�UHJLRQ���7KH�$9+55�VDWHOOLWH�GDWD�ZDV�XVHG�WR�PDVN�RXW�XUEDQ�DQG

DJULFXOWXUDO�DUHDV��EXW�SRWHQWLDOO\�RWKHU�IDFWRUV�LQIOXHQFH�WKH�SUHVHQFH�DEVHQFH�RI�D�VSHFLHV

ZLWKLQ�WKH�UDQJH�GHILQHG�E\�/LWWOH��/LWWOH����������7KHVH�LQFOXGH�LVODQGV�RI�KLJK�HOHYDWLRQ�ZKLFK

PLJKW�QRW�EH�FRQGXFLYH�WR�WKDW�SDUWLFXODU�VSHFLHV�RU�PRQR�FXOWXUH�WUHH�SODQWDWLRQV�RI�GLIIHUHQW

VSHFLHV��+RJVHWW��HW�DO�����������+RZHYHU��JLYHQ�WKHVH�XQFHUWDLQWLHV��WKH�HVWLPDWHG�VHHGOLQJ

ELRPDVV�ORVVHV�UHSUHVHQW�SRWHQWLDO�ULVNV�WKDW�VSHFLHV�PD\�H[SHULHQFH��DIIHFWLQJ�VHHGOLQJ

HVWDEOLVKPHQW��UHIRUHVWDWLRQ�RU�QDWXUDO�UHJHQHUDWLRQ�

4XDOLWDWLYH�5LVNV��&URSV�)UXLWV�9HJHWDEOHV�8UEDQ�2UQDPHQWDOV���%H\RQG�\LHOG�ORVV

HIIHFWV��FRPPHUFLDO�FURSV��LQFOXGLQJ�IUXLW�DQG�QXW�VSHFLHV��PD\�EH�DW�ULVN�RI�RWKHU�LQGLUHFW

HIIHFWV�IURP�2����VXFK�DV�VKLIWV�LQ�WKHLU�UHODWLRQVKLSV�ZLWK�SHVWV�DQG�SDWKRJHQV�DQG�UHGXFHG

ELRGLYHUVLW\���)RU�H[DPSOH��EUHHGLQJ�SURJUDPV�GHVLJQHG�WR�LPSURYH�\LHOG�FRXOG�LQDGYHUWHQWO\

EH�VHOHFWLQJ�SODQWV�ZLWK�HLWKHU�JUHDWHU�RU�UHGXFHG�2��WROHUDQFH���6HYHUDO�FDVHV�FLWHG�LQ�WKH�&'

VKRZ�WKDW�FXOWLYDUV�JURZQ�LQ�DUHDV�ZLWK�KLJK�2��OHYHOV�DUH�PRUH�WROHUDQW�WKDQ�WKHLU�FRXQWHUSDUWV
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GHYHORSHG�HOVHZKHUH��5HLQHUW�HW�DO���������5RRVH�HW�DO����������9HOLVVDULRX�HW�DO��������

VXJJHVWHG�WKDW�VHOHFWLRQ�IRU�KLJKHU�\LHOGV��DQG�KLJKHU�VWRPDWDO�FRQGXFWDQFH��KDG�UHVXOWHG�LQ�D

KLJKHU�2��XSWDNH�IRU�PRGHUQ�VSULQJ�ZKHDW�FXOWLYDUV��FRQWULEXWLQJ�WR�WKHLU�LQFUHDVHG�2�

VHQVLWLYLW\���,W�LV�WKHUHIRUH�SRVVLEOH�WKDW�WKH�SHUVLVWHQFH�RI�2��LQ�FURS�JURZLQJ�UHJLRQV�PD\

UHVXOW�LQ�D�UHGXFWLRQ�LQ�JHQHWLF�GLYHUVLW\�RI�FURS�FXOWLYDUV�DYDLODEOH��WRJHWKHU�ZLWK�WKH�ORVV�RI

RWKHU�EHQHILFLDO�WUDLWV�WKDW�PD\�EH�OLQNHG�JHQHWLFDOO\�ZLWK�2��VHQVLWLYLW\���7ROHUDQFH

PHFKDQLVPV�EDVHG�RQ�UHGXFHG�VWRPDWDO�FRQGXFWLYLW\�ZRXOG�OLNHO\�UHGXFH�JURZWK�RI�WROHUDQW

SODQWV��ZKLOH�WROHUDQFH�EDVHG�RQ�WKH�SURGXFWLRQ�RI�DQWLR[LGDQW�FRPSRXQGV�ZRXOG�OLNHO\�VKXQW

SODQW�UHVRXUFHV�DZD\�IURP�JURZWK�WR�WKH�SURGXFWLRQ�RI�WKH�GHIHQVH�FRPSRXQGV���6XFK�LQGLUHFW

HIIHFWV�PD\�DOVR�RFFXU�LQ�SODQWV�XVHG�LQ�XUEDQ�ODQGVFDSLQJ�DQG�JDUGHQV��ERWK�IRU�DHVWKHWLFV�DQG

IRU�RWKHU�SXUSRVHV�VXFK�DV�VKDGH�FRROLQJ��DQLPDO�VRQJELUG�KDELWDW��VRLO�UHWHQWLRQ��DQG

FRPPHUFLDO�IORULVWV�

4XDOLWDWLYH�5LVNV��7UHHV�&RPPHUFLDO�)RUHVWV�)RUHVWHG�(FRV\VWHPV�&ODVV�,�$UHDV���$V

SUHYLRXVO\�GLVFXVVHG��PHWKRGV�KDYH�QRW�DW�WKLV�WLPH�EHHQ�DGHTXDWHO\�GHYHORSHG�WR�VFDOH

ELRPDVV�ORVV�HIIHFWV�LQ�VHHGOLQJV�WR�HIIHFWV�LQ�PDWXUH�WUHHV���+RZHYHU��ILHOG�REVHUYDWLRQV�RI

VHHGOLQJ�KHDOWK�DQG�PRUWDOLW\�FDQ�SURYLGH�LQIRUPDWLRQ�UHOHYDQW�WR�DVVHVVLQJ�ULVNV�WR�WUHHV�DQG

IRUHVWV���)RU�H[DPSOH��ILHOG�SORW�REVHUYDWLRQV�RI�VHHGOLQJ�KHDOWK�DQG�PRUWDOLW\�LQ�QDWXUDO�JLDQW

VHTXRLD�JURYHV�RYHU�D���\HDU�SHULRG�VKRZHG�WKDW�VHHGOLQJ�QXPEHUV�ZHUH�UHGXFHG�GUDVWLFDOO\

IURP�GURXJKW�DQG�RWKHU�DELRWLF�IDFWRUV���2]RQH�LQMXU\�V\PSWRPV�ZHUH�DOVR�REVHUYHG�LQ�WKH

ZHHNV�IROORZLQJ�JHUPLQDWLRQ���7KHVH�REVHUYDWLRQV�VXJJHVW�WKDW�2��FRXOG�EH�VWUHVVLQJ�VHHGOLQJV

VXIILFLHQWO\�WR�UHGXFH�URRW�JURZWK�LPPHGLDWHO\�DIWHU�JHUPLQDWLRQ��WKXV�LQFUHDVLQJ�YXOQHUDELOLW\

WR�ODWH�VXPPHU�GURXJKW�

7KH�DERYH�REVHUYDWLRQV�KDYH�D�FRXQWHUSDUW�LQ�FRPPHUFLDO�WUHH�QXUVHULHV�ZKHUH�WKH

LPSRUWDQFH�RI�URRW�GHYHORSPHQW�DV�DQ�LQGLFDWRU�RI�SODQW�KHDOWK�KDV�ORQJ�EHHQ�NQRZQ���7RXPH\

DQG�.RUVWLDQ��������VWDWHG�WKDW��LQ�MXGJLQJ�TXDOLW\�RI�QXUVHU\�VWRFN�PXFK�JUHDWHU�HPSKDVLV

VKRXOG�EH�SODFHG�RQ�QXPEHU��VL]H��H[WHQW��DQG�FRQGLWLRQV�RI�URRWV�WKDQ�RQ�DSSHDUDQFH�DERYH

JURXQG����6HYHUDO�PRUH�UHFHQW�VWXGLHV�FRQGXFWHG�DW�QXUVHULHV�KDYH�LQYHVWLJDWHG�WKH�UHODWLRQVKLS

EHWZHHQ�WKH�QXPEHU�RI�ILUVW�RUGHU�ODWHUDO�URRWV�VHHGOLQJ��)2/5��DQG�VHHGOLQJ�TXDOLW\�

FRPSHWLWLYHQHVV��DQG�VXUYLYDELOLW\���)RU�H[DPSOH��QXUVHU\�VWXGLHV�RI�VZHHWJXP�DQG�OREOROO\

SLQH�VHHGOLQJV�VXJJHVWHG�WKDW�YHU\�HDUO\�DGYHUVH�LPSDFWV�RQ�URRW�JURZWK�WKDW�FRXOG�UHVXOW�LQ
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SDUW�IURP�2��UHODWHG�HIIHFWV��FDQ�KDYH�VLJQLILFDQW�LPSDFWV�LQ�JURZWK�DQG�FRPSHWLWLRQ�LQ�IRUHVW

HQYLURQPHQWV�LQ�VXEVHTXHQW�\HDUV��.RUPDQLN��������.RUPDQLN�HW�DO�����������7KHVH�PRUH

UHFHQW�VWXGLHV�OHQG�VXSSRUW�WR�WKH�VXJJHVWLYH�HDUOLHU�REVHUYDWLRQV�

7KH�LPSRUWDQFH�RI�EHORZ�JURXQG�HIIHFWV�RQ�WUHHV��IRUHVWV��DQG�HFRV\VWHPV�KDV�RIWHQ

EHHQ�RYHUORRNHG�ZKHQ�HYDOXDWLQJ�UHVSRQVHV�WR�2��H[SRVXUH���7KH�EHORZ�JURXQG�V\VWHP�LV

GHSHQGDQW�RQ�WKH�DERYH�JURXQG�V\VWHP�IRU�LQSXWV�RI�HQHUJ\�FRQWDLQLQJ�VXEVWUDWHV���0\FRUUKL]DO

IXQJL�LQYDGH�WKH�URRWV�RI�WKH�YDVW�PDMRULW\�RI�WHUUHVWULDO�SODQWV�DQG�DVVLVW�WKH�KRVW�SODQW�LQ�WKH

XSWDNH�RI�QXWULHQWV�DQG�ZDWHU��SURWHFW�WKH�URRWV�DJDLQVW�SDWKRJHQV��SURGXFH�SODQW�JURZWK

KRUPRQHV��DQG�WUDQVSRUW�FDUERK\GUDWH�IURP�RQH�SODQW�WR�DQRWKHU���,Q�H[FKDQJH��WKH�URRWV�RI�WKH

KRVW�SODQW�SURYLGH�WKH�IXQJL�ZLWK�VLPSOH�VXJDUV���7KLV�V\PELRWLF�UHODWLRQVKLS�LV�HVSHFLDOO\

EHQHILFLDO�WR�SODQWV�JURZLQJ�RQ�QXWULHQW�SRRU�VRLOV��DQG�FRQWULEXWHV�VXEVWDQWLDOO\�WR�HFRV\VWHP

IXQFWLRQ���$V�GLVFXVVHG�LQ�VHFWLRQ�9,,�%��2��VWUHVV�LQKLELWV�SKRWRV\QWKHVLV�DQG�UHGXFHV�WKH

DPRXQW�RI�VXJDUV�DYDLODEOH�IRU�WUDQVIHU�WR�WKH�URRWV���5HGXFWLRQ�LQ�DYDLODEOH�VXJDUV�LQ�WKH�URRWV

FDQ�DOWHU�P\FRUUKL]DO�FRORQL]DWLRQ�DQG�FRPSDWLELOLW\��UHGXFLQJ�P\FRUUKL]DO�IRUPDWLRQ�DQG�URRW

JURZWK���%HUU\��������H[DPLQHG�WKH�URRWV�RI�HDVWHUQ�ZKLWH�SLQH�LQMXUHG�E\�2��DQG�REVHUYHG

WKDW�KHDOWK\�WUHHV�KDG�DOPRVW�WZLFH�WKH�SHUFHQWDJH�RI�OLYLQJ�IHHGHU�URRWV�DV�WUHHV�ZLWK�2��LQMXU\�

�,Q�WKH�6DQ�%HUQDUGLQR�IRUHVW�LQ�&DOLIRUQLD��3DUPHWHU�HW�DO���������REVHUYHG�WKDW�WKH�IHHGHU

URRWV�V\VWHP�RI�SRQGHURVD�SLQH�H[SRVHG�WR�2��VKRZHG�PDUNHG�GHWHULRUDWLRQ��86�(3$���������

1XPHURXV�RWKHU�VWXGLHV�FLWHG�LQ�WKH�&'�KDYH�GRFXPHQWHG�WKH�UHDOORFDWLRQ�RI�FDUERK\GUDWHV

DZD\�IURP�URRWV�WR�SKRWRV\QWKHWLFDOO\�DFWLYH�SRUWLRQV�RI�WKH�SODQW�DV�D�UHVXOW�RI�2����)RU

H[DPSOH��6SHQFH�HW�DO���������IRXQG�D�UHGXFWLRQ�LQ�WUDQVSRUW�RI�SKRWRV\QWKDWHV�WR�URRWV�LQ�2��

WUHDWHG�OREOROO\�SLQH��DQG�(GZDUGV��������UHSRUWHG�UHGXFHG�URRW�DQG�VRLO�UHVSLUDWLRQ�

%H\RQG�ELRPDVV�ORVV�DQG�LPSDFWV�RQ�URRW�V\VWHPV��RWKHU�ULVNV�WR�YHJHWDWLRQ�DVVRFLDWHG

ZLWK�2��LQFOXGH�VKLIWV�LQ�WKH�UHODWLRQVKLS�EHWZHHQ�WUHH�VSHFLHV�DQG�LQVHFWV�RU�SDWKRJHQV�ZKLFK

FDQ�UHVXOW�LQ�LPEDODQFHV�ZLWKLQ�FRPPXQLWLHV�WKDW�PD\�KDYH�ORQJ�WHUP�HIIHFWV���6LJQLILFDQW�ULVNV

FRXOG�UHVXOW��VXFK�DV�KDV�EHHQ�REVHUYHG�LQ�WKH�6DQ�%HUQDGLQR�IRUHVW�DV�GLVFXVVHG�LQ�VHFWLRQ�9,,�

'���2]RQH�HIIHFWV�FDQ�DOVR�UHGXFH�WKH�DELOLW\�RI�DIIHFWHG�DUHDV�WR�SURYLGH�KDELWDWV�WR�HQGDQJHUHG

VSHFLHV���)RU�H[DPSOH��WZR�OLVWHG�HQGDQJHUHG�SODQW�VSHFLHV��WKH�VSUHDGLQJ�DYHQ�DQG�5RDQ

0RXQWDLQ�EOXHW��DUH�FXUUHQWO\�IRXQG�DW�D�VPDOO�QXPEHU�RI�VLWHV�LQ�HDVWHUQ�7HQQHVVHH�DQG

ZHVWHUQ�1RUWK�&DUROLQD����IRUHVWHG�DUHDV�ZKHUH�2��UHODWHG�LQMXU\�LV�RI�FRQFHUQ���,Q�DGGLWLRQ�
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2��UHODWHG�HIIHFWV�RQ�LQGLYLGXDO�2��VHQVLWLYH�VSHFLHV�WKDW�SURYLGH�XQLTXH�VXSSRUW�WR�RWKHU

VSHFLHV�FDQ�KDYH�EURDGHU�LPSDFWV���)RU�H[DPSOH��RQH�VXFK�VSHFLHV�LV�WKH�FRPPRQ�PLONZHHG�

ORQJ�NQRZQ�IRU�LWV�VHQVLWLYLW\�WR�2��DQG�XVHIXOQHVV�DV�DQ�LQGLFDWRU�VSHFLHV�RI�HOHYDWHG�2��OHYHOV�

DV�ZHOO�DV�EHLQJ�WKH�VROH�IRRG�RI�WKH�PRQDUFK�EXWWHUIO\�ODUYDH���7KXV��D�PDMRU�ULVN�DVVRFLDWHG

ZLWK�RI�WKH�ORVV�RI�PLONZHHG�IROLDJH�IRU�D�VHDVRQ�LV�WKDW�LW�PLJKW�KDYH�VLJQLILFDQW�LQGLUHFW

HIIHFWV�RQ�WKH�PRQDUFK�EXWWHUIO\�SRSXODWLRQ�

$�ODUJH�QXPEHU�RI�VWXGLHV�KDYH�VKRZQ�WKDW�2��VHQVLWLYH�YHJHWDWLRQ�H[LVWV�RYHU�PXFK�RI

WKH�8�6���ZLWK�PDQ\�QDWLYH�VSHFLHV�ORFDWHG�LQ�IRUHVWV�DQG�&ODVV�,�DUHDV��ZKLFK�DUH�IHGHUDOO\

PDQGDWHG�WR�SUHVHUYH�FHUWDLQ�DLU�TXDOLW\�UHODWHG�YDOXHV���$�OLVW�RI�VSHFLHV�IRXQG�LQ�WKH�*UHDW

6PRN\�0RXQWDLQV�1DWLRQDO�3DUN�DQG�LQ�$FDGLD�1DWLRQDO�3DUN�DQG�WKHLU�DVVRFLDWHG�2��UHVSRQVH

DUH�LQFOXGHG�LQ�$SSHQGL[�'���,Q�PDQDJLQJ�IHGHUDO�&ODVV�,�DUHDV��WKH�1DWLRQDO�3DUN�6HUYLFH

ZLWKLQ�WKH�8�6��'HSDUWPHQW�RI�,QWHULRU�FRQVLGHUV�DLU�SROOXWLRQ�HIIHFWV�RQ�UHVRXUFHV�LQ�&ODVV�,

DUHDV�WR�FRQVWLWXWH�XQDFFHSWDEOH�DGYHUVH�LPSDFWV�LI�VXFK�HIIHFWV�GLPLQLVK�WKH�QDWLRQDO

VLJQLILFDQFH�RI�WKH�DUHD��LPSDLU�WKH�TXDOLW\�RI�WKH�YLVLWRU
V�H[SHULHQFH��DQG�RU�LPSDLU�WKH

VWUXFWXUH�DQG�IXQFWLRQLQJ�RI�HFRV\VWHPV���)DFWRUV�WKDW�DUH�FRQVLGHUHG�LQ�WKH�GHWHUPLQDWLRQ�RI

ZKHWKHU�DQ�HIIHFW�LV�XQDFFHSWDEOH��DQG�WKHUHIRUH�DGYHUVH��LQFOXGH�WKH�SURMHFWHG�IUHTXHQF\�

PDJQLWXGH��GXUDWLRQ��ORFDWLRQ��DQG�UHYHUVLELOLW\�RI�WKH�LPSDFW���%DVHG�RQ�PRQLWRULQJ�GDWD�

UHYLHZ�RI�VFLHQWLILF�OLWHUDWXUH��DQG�ILHOG�UHFRQQDLVVDQFH��2��KDV�EHHQ�LGHQWLILHG�DV�D�SULRULW\

SROOXWDQW�RI�FRQFHUQ�WR�ELRORJLFDO�UHVRXUFHV��DQG�WKH�1DWLRQDO�3DUN�6HUYLFH�5HSRUW�WR�&RQJUHVV

�������LQGLFDWHG�WKDW�VHQVLWLYH�YHJHWDWLRQ�LV�EHLQJ�LQMXUHG�E\�2��WUDQVSRUWHG�LQWR�WKH�SDUNV���

7KXV��VLQFH�WKH�VWDWH�RI�WKH�VFLHQFH�GRHV�QRW�\HW�SHUPLW�DGHTXDWH�FKDUDFWHUL]DWLRQ�RI�WKH

FKURQLF�HIIHFWV�RI�ORQJ�WHUP�H[SRVXUHV�DW�WKH�DERYH�OHYHOV�WR�SHUHQQLDO�VSHFLHV��WKH�VWDII

FRQFOXGH�WKDW�DGGLWLRQDO�SURWHFWLRQ�WR�YHJHWDWLRQ�PD\�EH�ZDUUDQWHG�DQG�UHFRPPHQG�WKDW

UHVHDUFK�EH�FRQWLQXHG�LQWR�WKH�ORQJ�WHUP�FKURQLF�HIIHFWV�RI�2��RQ�SHUHQQLDO�VSHFLHV�
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�� (FRQRPLF�%HQHILWV�$VVHVVPHQW

$V�GLVFXVVHG�DERYH��DPELHQW�2��OHYHOV�KDYH�EHHQ�DVVRFLDWHG�ZLWK�D�QXPEHU�RI�ZHOIDUH

HIIHFWV�RQ�YHJHWDWLRQ��LQFOXGLQJ�UHGXFWLRQV�LQ�WKH�\LHOG�RI�VRPH�LPSRUWDQW�FRPPHUFLDO�FURSV��

7KLV�VHFWLRQ�SUHVHQWV�UHVXOWV�RI�TXDQWLWDWLYH�DQDO\VHV�RI�WKH�HFRQRPLF�EHQHILWV�DVVRFLDWHG�ZLWK

DWWDLQLQJ�DOWHUQDWLYH�VWDQGDUGV���$GHTXDWH�GDWD�DUH�FXUUHQWO\�DYDLODEOH�WR�DVVHVV�HFRQRPLF

EHQHILWV�IRU�WKH�FRPPRGLW\�FURSV�VWXGLHG�LQ�WKH�1&/$1�SURMHFW��GLVFXVVHG�LQ�VHFWLRQ�9,,�'���

DQG�IRU�IUXLWV�DQG�YHJHWDEOHV�JURZQ�LQ�&DOLIRUQLD���8UEDQ�RUQDPHQWDOV�DQG�FRPPHUFLDO�IRUHVWV

DUH�DOVR�DGGUHVVHG�EHORZ��DOWKRXJK�QR�TXDQWLWDWLYH�EHQHILWV�DVVHVVPHQW�LV�SUHVHQWHG�IRU�WKHVH

HIIHFWV�GXH�SULPDULO\�WR�WKH�ODFN�RI�H[SRVXUH�UHVSRQVH�IXQFWLRQV��UHODWLQJ�2��H[SRVXUH�OHYHOV�WR

ORVVHV�LQ�\LHOG��IXQFWLRQ��RU�DHVWKHWLF�YDOXH��DQG�HFRQRPLF�ZHOIDUH�PRGHOV�

&RPPRGLW\�&URSV���7KH�HFRQRPLF�YDOXH�DVVRFLDWHG�ZLWK�YDU\LQJ�OHYHOV�RI�\LHOG�ORVV�IRU

FRPPRGLW\�FURSV�ZDV�DQDO\]HG�XVLQJ�D�UHYLVHG�DQG�XSGDWHG��0DWKWHFK��������5HJLRQDO�0RGHO

)DUP��50)���.RSS�HW�DO���������DJULFXOWXUDO�EHQHILWV�PRGHO���7KH�50)�LV�DQ�DJULFXOWXUDO

EHQHILWV�PRGHO�IRU�FURSV�WKDW�DFFRXQW�IRU�DERXW�����RI�DOO�8�6��VDOHV�RI�DJULFXOWXUDO�FURSV

�0DWKWHFK����������50)�LV�DQ�HFRQRPLF�PRGHO�WKDW�H[SOLFLWO\�LQFRUSRUDWHV�H[SRVXUH�UHVSRQVH

IXQFWLRQV�LQWR�PLFURHFRQRPLF�PRGHOV�RI�DJULFXOWXUDO�SURGXFHU�EHKDYLRU���7KH�PRGHO�XVHV�WKH

WKHRU\�RI�DSSOLHG�ZHOIDUH�HFRQRPLFV�WR�YDOXH�FKDQJHV�LQ�DPELHQW�2��FRQFHQWUDWLRQV�EURXJKW

DERXW�E\�SDUWLFXODU�SROLF\�DFWLRQV�VXFK�DV�DWWDLQLQJ�DOWHUQDWLYH�DPELHQW�DLU�TXDOLW\�VWDQGDUGV�

7KH�PHDVXUH�RI�ZHOIDUH�FDOFXODWHG�E\�WKH�PRGHO�LV�WKH�QHW�FKDQJH�LQ�FRQVXPHUV
�DQG

SURGXFHUV
�VXUSOXV�IURP�EDVHOLQH�2��FRQFHQWUDWLRQV�WR�WKH�2��FRQFHQWUDWLRQV�UHVXOWLQJ�IURP

DWWDLQPHQW�RI�DOWHUQDWLYH�VWDQGDUGV���7R�FDOFXODWH�WKLV�FKDQJH�LQ�VXUSOXV��WKH�PRGHO�GHWHUPLQHV

KRZ�WKH�VXSSO\�IXQFWLRQ�IRU�VSHFLILF�DJULFXOWXUDO�SURGXFWV�VKLIWV�LQ�UHVSRQVH�WR�FKDQJHV�LQ�2�

FRQFHQWUDWLRQV���7KLV�LQIRUPDWLRQ�LV�FRPELQHG�ZLWK�HVWLPDWHV�RI�DJULFXOWXUDO�FRPPRGLW\

GHPDQG�WR�GHWHUPLQH�WKH�VXUSOXV�JDLQ�RU�ORVV�

7R�FDOFXODWH�WKH�FKDQJH�LQ�VXUSOXV��WKH�PRGHO�UHTXLUHV�ILYH�SLHFHV�RI�LQIRUPDWLRQ��

• EDVHOLQH�FRVWV�RI�SURGXFWLRQ

• EDVHOLQH�2��FRQFHQWUDWLRQV

• GHPDQG�HODVWLFLW\�IRU�HDFK�FURS
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• SRVW�FRQWURO�2��FRQFHQWUDWLRQV��DVVRFLDWHG�ZLWK�DWWDLQLQJ�DOWHUQDWLYH�VWDQGDUGV�

• H[SRVXUH�UHVSRQVH�IXQFWLRQV

8VLQJ�WKH�EDVHOLQH�DQG�SRVW�FRQWURO�HTXLOLEULXPV��WKH�PRGHO�FDOFXODWHV�WKH�FKDQJH�LQ�QHW

FRQVXPHUV
�DQG�SURGXFHUV
�VXUSOXV�RQ�D�FURS�E\�FURS�EDVLV���7KLV�GROODU�YDOXH�UHSUHVHQWV�D

PHDVXUH�RI�WKH�FKDQJH�LQ�VRFLDO�ZHOIDUH�DVVRFLDWHG�ZLWK�WKH�VFHQDULR�SROLF\�DFWLRQ���7KH�PRGHO

LQFOXGHV�WKUHH�DOWHUQDWLYH�ZHOIDUH�PHDVXUHV�WR�UHIOHFW�GLIIHUHQW�DVVXPSWLRQV�DERXW�WKH�UROH�RI

DJULFXOWXUDO�SROLF\�PHDVXUHV�

6LQFH�WKH�RULJLQDO�GHYHORSPHQW�RI�50)�LQ�WKH�PLG�����
V��WKHUH�KDV�EHHQ�GLVFXVVLRQ�LQ

WKH�OLWHUDWXUH�FRQFHUQLQJ�WKH�DSSURSULDWH�PHDVXUH�RI�ZHOIDUH�FKDQJH�LQ�DJULFXOWXUDO�VHFWRU

PDUNHWV��0F*DUWODQG��������0DGDULDJD����������$W�LVVXH�LQ�WKHVH�GLVFXVVLRQV�KDV�EHHQ�WKH

SURSHU�FRQVLGHUDWLRQ�RI�SULFH�DQG�LQFRPH�VXSSRUW�PHDVXUHV��DFUHDJH�FRQVWUDLQWV��DQG�RWKHU

SURJUDPV�SXW�LQ�SODFH�WR�DGGUHVV�SRWHQWLDO�PDUNHW�IDLOXUHV�GXH�WR�WKH�LQKHUHQW�LQVWDELOLW\�RI

DJULFXOWXUDO�SURGXFWLRQ���&KDQJHV�LQ�VXUSOXV�EDVHG�RQ�WKH�DVVXPSWLRQ�RI�SHUIHFW�FRPSHWLWLRQ�GR

QRW�SURSHUO\�FKDUDFWHUL]H�PDUNHWV�VXSSRUWHG�E\�JRYHUQPHQW�SROLF\�DFWLRQV���:KHQ�JRYHUQPHQW

HVWDEOLVKHV�ORDQ�UDWHV�DQG�WDUJHW�SULFHV�DQG�DFFXPXODWHV�VXUSOXV�SURGXFWLRQ��DGGLWLRQDO

SURGXFWLRQ�GXH�WR�2��LPSURYHPHQWV�FRXOG�KDYH�RQO\�PDUJLQDO�HFRQRPLF�YDOXH�

7KH�WKUHH�DOWHUQDWLYH�PHDVXUHV�RI�ZHOIDUH�FKDQJH�FDOFXODWHG�E\�WKH�50)�DUH�GLVFXVVHG

LQ�WKH�50)�8VHU�0DQXDO��0DWKWHFK��������DQG�OLVWHG�EHORZ�

• :HOIDUH�FKDQJH�XQGHU�FRQGLWLRQV�RI�SHUIHFW�FRPSHWLWLRQ�

• :HOIDUH�FKDQJH�ZLWK�SULFH�VXSSRUWV�EXW�QR�DJULFXOWXUDO�SROLF\�DGMXVWPHQWV��RU

�SUHVHQW�DJULFXOWXUDO�SROLF\����0F*DUWODQG��������

• :HOIDUH�FKDQJH�ZLWK�SULFH�VXSSRUWV�DQG�DJULFXOWXUDO�SROLF\�DGMXVWPHQWV�WR�DIIHFW

SURGXFWLRQ�OHYHOV��RU��PRGLILHG�DJULFXOWXUDO�SROLF\����0DGDULDJD��������

7KH�50)�PRGHO�LV�FDSDEOH�RI�SURYLGLQJ�EHQHILW�HVWLPDWHV�IRU�HOHYHQ�PDMRU�ILHOG�FURSV�

�VR\EHDQV��FRUQ��VSULQJ�ZKHDW��ZLQWHU�ZKHDW��FRWWRQ��SHDQXWV��EDUOH\��VRUJKXP��RDWV��DOIDOID

DQG�KD\���7KH�PRGHO�HPSOR\V�ELRORJLFDO�H[SRVXUH�UHVSRQVH�LQIRUPDWLRQ�GHULYHG��/HH�HW�DO��

������IURP�FRQWUROOHG�H[SHULPHQWV�FRQGXFWHG�E\�WKH�1&/$1��DQG�D�VLPSOH��\HW�GHWDLOHG�

PLFURHFRQRPLF�PRGHO�RI�SURGXFHU�EHKDYLRU���,QKHUHQW�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKH

1&/$1�GDWD�DUH�GLVFXVVHG�LQ�6HFWLRQ�9,,�'�����8QFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKH�XVH�RI�WKH

50)�DUH�GLVFXVVHG�LQ�0DWKWHFK������DQG�LQFOXGH���DVVXPSWLRQ�RI�2��QHXWUDOLW\��QR�EHKDYLRUDO



���

DGMXVWPHQWV��DQG�GLIIHUHQFHV�LQ�HVWLPDWHG�EHQHILWV�IURP�DOWHUQDWLYH�PHDVXUHV�RI�ZHOIDUH�

$Q�HYDOXDWLRQ�RI�WKH�HIIHFWV�RI�FKDQJHV�LQ�DPELHQW�FRQFHQWUDWLRQV�RI�2��RQ�DJULFXOWXUDO

FURSV�UHTXLUHV�2��GDWD�ZKLFK�UHIOHFW�H[SRVXUH�FRQGLWLRQV�SUH��DQG�SRVW�FRQWURO�VWUDWHJ\���7KHVH

GDWD�PXVW�FRLQFLGH�LQ�ERWK�VSDWLDO�DQG�WHPSRUDO�GLPHQVLRQV�ZLWK�WKH�H[SRVXUH�UHVSRQVH

UHODWLRQVKLSV�ZKLFK�FKDUDFWHUL]H�WKH�VHQVLWLYLW\�RI�VHOHFWHG�FURSV�WR�2����*LYHQ�WKH�QRQ�OLQHDU

UHODWLRQVKLS�EHWZHHQ�H[SRVXUH�DQG�UHVSRQVH��ERWK�WKH�EDVHOLQH�OHYHO�RI�FRQFHQWUDWLRQV�DV�ZHOO

DV�WKH�FKDQJH�LQ�FRQFHQWUDWLRQV�DUH�LPSRUWDQW�GDWD�IRU�D�SURSHU�DVVHVVPHQW�RI�WKH�HIIHFWV�RI�2�

RQ�FURS�\LHOG�

7KH�50)�DOORZV�WKH�XVHU�WR�FKRRVH�EHWZHHQ�(3$
V�5HJLRQDO�2[LGDQW�0RGHO��520��RU

WKH�$HURPHWULF�,QIRUPDWLRQ�5HWULHYDO�6\VWHP��$,56��DV�WKH�VRXUFH�RI�EDVHOLQH�GDWD���,Q

DGGLWLRQ���WKH�PRVW�UHFHQW�XSGDWH�RI�WKH�50)�FRPSOHWHG�LQ�-XQH�������0DWKWHFK��������XVHV

FRQFHQWUDWLRQ�YDOXHV�JHQHUDWHG�IURP�WKH�QDWLRQDO�DLU�TXDOLW\�*,6�SURMHFWLRQV�GHYHORSHG�E\

(3$
V�1+((5/�:('��/HH�HW�DO���������DV�GLVFXVVHG�DERYH�LQ�VHFWLRQ�9,,�)���

7KH�1+((5/�:('�*,6�EDVHG�DSSURDFK��/HH�HW�DO��������DQG�+HUVWURP�HW�DO��������

KDV�FKDUDFWHULVWLFV�RI�ERWK�LQWHUSRODWLRQ�DQG�PRGHOLQJ���$OWKRXJK�WKLV�LQWHJUDWHG�*,6�EDVHG

DSSURDFK�LV�QRW�DV�FRPSOH[�DV�D�WUXH�FRPSXWHU�PRGHO��LW�KDV�WKH�DGYDQWDJH�RI�XVLQJ�GDWD�WKDW�LV

UHDGLO\�DYDLODEOH�DFURVV�WKH�HQWLUH�FRXQWU\��LW�LV�YHU\�LQH[SHQVLYH�WR�UXQ��DQG�LW�DOORZV�RQH�WR

TXLFNO\�SURGXFH�H[SRVXUH�HVWLPDWHV�RI�DQ\�H[SRVXUH�LQGH[�IRU�PXOWLSOH�PRQWKV�RU�\HDUV���)RU

50)�DSSOLFDWLRQV��WKH�PRVW�LPSRUWDQW�DGYDQWDJH�RI�WKH�DSSURDFK�LV�LWV�DELOLW\�WR�SURGXFH�D

GHQVH�JULG�RI�2��H[SRVXUH�YDOXHV�DFURVV�WKH�8�6���7KH�PDMRU�OLPLWDWLRQ�DVVRFLDWHG�ZLWK�WKH�XVH

RI�WKH�*,6�DSSURDFK�LV�WKH�ODFN�RI�PRQLWRUHG�DLU�TXDOLW\�GDWD�LQ�UXUDO�DUHDV�

7R�XVH�WKH�1+((5/�:('�*,6�EDVHG�DSSURDFK��WKH�GLVWULEXWLRQ�RI�KRXUO\�2�

FRQFHQWUDWLRQV�DW�D�PRQLWRU�LV�ILUVW�HYDOXDWHG�WR�SURGXFH�D�SDUWLFXODU�2��VWDWLVWLF�IRU�WKDW

PRQLWRU���7KH�PRQLWRU�VSHFLILF�VWDWLVWLFV�IRU�DOO�PRQLWRUV�DUH�WKHQ�SDVVHG�WR�WKH�*,6�EDVHG

HVWLPDWLRQ�SURJUDP�ZKLFK�FDOFXODWHV�DQ�2��H[SRVXUH�YDOXH�DW�HDFK����NP�FHOO�LQ�D�JULG

FRYHULQJ�WKH�8�6���$FURVV�WKH�8QLWHG�6WDWHV��D����NLORPHWHU�JULG�KDV�����URZV�DQG����

FROXPQV��IRU�D�WRWDO�RI�DERXW���������FHOOV���1H[W��WKH�SURJUDP�DJJUHJDWHV�DOO����NP�FHOOV

ZLWKLQ�HDFK�FRXQW\�DQG�GHWHUPLQHV�WKH�PHDQ�RI�WKRVH�YDOXHV���7KLV�DJJUHJDWLRQ�UHVXOWV�LQ�D

PRQWKO\�EDVHOLQH�2��YDOXH��IRU�WKH�\HDU������IRU�SXUSRVHV�RI�WKLV�DQDO\VLV��IRU�RYHU������

FRXQWLHV��WKXV�GHILQLQJ�WKH�EDVHOLQH�2��FRQGLWLRQV�LQ�HDFK�FRXQW\���$V�ZLWK�DQ\�VSDWLDO
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LQWHUSRODWLRQ�WHFKQLTXH�WKDW�PXVW�UHO\�RQ�VSDUVH�GDWD�UHSUHVHQWDWLYH�RI�XUEDQ�RU�QHDU�XUEDQ

DUHDV��WKH�XQFHUWDLQW\�RI�WKH�*,6�EDVHG�2��HVWLPDWLRQ�WHFKQLTXH�LV�JUHDW�DQG�QRQ�TXDQWLILDEOH��

+RZHYHU��WKH�DELOLW\�RI�WKH�*,6�EDVHG�WHFKQLTXH�WR�FDSWXUH�WUHQGV�DQG�YDULDWLRQV�RI�2�

H[SRVXUH�EHWZHHQ�PRQLWRUHG�VLWHV�LV�WKHRUHWLFDOO\�LPSURYHG�RYHU�RWKHU�DYDLODEOH�PHWKRGV��

,I�EDVHOLQH�FRQFHQWUDWLRQV�FDPH�IURP�$,56��PRQLWRUHG��GDWD��WKHUH�DUH�VHYHUDO�DOJRULWK�

PLF��L�H���IXQFWLRQDO��RSWLRQV�IRU�FUHDWLQJ�SRVW�FRQWURO�2��FRQGLWLRQV���,I�WKH�520��PRGHOLQJ�

EDVHOLQH�LV�XVHG��WKH�SRVW�FRQWURO�FRQGLWLRQV�FRPH�IURP�DSSO\LQJ�FRQWURO�VWUDWHJLHV�VXFK�DV

�OHDVW�FRVW���12[�92&�UDWLRV��HWF���7KH�1+((5/�:('�EDVHOLQH��ZKLFK�LV�EDVHG�RQ�WKH

H[WUDSRODWLRQ�RI�PRQLWRUHG�GDWD��LV�FORVHU�LQ�FRQFHSW�WR�$,56�GDWD�ZKHQ�LW�FRPHV�WR�FUHDWLQJ

SRVW�FRQWURO�2��FRQGLWLRQV���1+((5/�:('�SRVW�FRQWURO�2��FRQGLWLRQV�DUH�JHQHUDWHG�IURP�WKH

1+((5/�:('�EDVHOLQH�2��FRQGLWLRQV�XVLQJ�D�IXQFWLRQDO�UHODWLRQVKLS���(DFK�1+((5/�:('

SRVW�FRQWURO�2��VFHQDULR�UHSUHVHQWV�D�FKDQJH�LQ�WKH�SURILOH�RI�KRXUO\�FRQFHQWUDWLRQV�FRQVLVWHQW

ZLWK�WKH�DWWDLQPHQW�RI�D�VSHFLILF�VWDQGDUG�

,Q�WKLV�DQDO\VLV��D�TXDGUDWLF�UROO�EDFN�SURFHGXUH��+RUVW������D��ZDV�XVHG�WR�JHQHUDWH

SRVW�FRQWURO�FRQGLWLRQV�IRU�WKH�:����VWDWLVWLF��DOORZLQJ���DQG���H[FHHGDQFHV��DQG�IRU�WKH

680���VWDWLVWLF��DOORZLQJ���DQG���H[FHHGDQFHV����7KLV�SURFHGXUH�SURGXFHV�D�GLVWULEXWLRQ�RI�2�

FRQFHQWUDWLRQV�WKDW�UHIOHFW�SURMHFWHG�DLU�TXDOLW\�ZKHQ�DQ�DOWHUQDWLYH�VWDQGDUG�LV��MXVW�DWWDLQHG���

7KH��MXVW�DWWDLQHG��DLU�TXDOLW\�GLVWULEXWLRQ�LV�QRW�GLUHFWO\�OLQNHG�WR�DQ�HPLVVLRQV�FRQWURO

VWUDWHJ\���)RU�WKH�DQDO\VHV�RI�DOWHUQDWLYH�2��VHFRQGDU\�VWDQGDUGV��WKH�TXDGUDWLF�UROOEDFN

SURFHGXUH�KDV�EHHQ�DSSOLHG�WR�WKH�1+((5/�:('�EDVHOLQH�WR�FUHDWH�WKH�GLIIHUHQW�DOWHUQDWLYH

VWDQGDUG�VFHQDULRV���(DFK�VFHQDULR�LV�HTXLYDOHQW�WR�WKH�DWWDLQPHQW�RI�D�GLIIHUHQW�DPELHQW�DLU

TXDOLW\�VWDQGDUG��

6SHFLILFDOO\����GLIIHUHQW�SULPDU\�VWDQGDUGV�DUH�DQDO\]HG�LQGLYLGXDOO\�DQG�ZLWK

DOWHUQDWLYH����K�:����DQG�680���VHFRQGDU\�VWDQGDUGV�RI���VWULQJHQF\�OHYHOV���7KH�VHFRQGDU\

VWDQGDUGV�DUH�DQDO\]HG�IRU�LQFUHPHQWDO�LPSURYHPHQW�EH\RQG�WKDW�DFKLHYHG�E\�HDFK�LQGLYLGXDO

SULPDU\�DOWHUQDWLYH���$�WRWDO�RI����VFHQDULRV�ZHUH�DQDO\]HG�IRU�WKH�:����RSWLRQ����SULPDU\

UHJXODWRU\�VFHQDULRV�DQG����LQFUHPHQWDO�VHFRQGDU\�UHJXODWRU\�VFHQDULRV���$QRWKHU����VFHQDULRV

ZHUH�DQDO\]HG�IRU�WKH�680���RSWLRQ��WKH�VDPH���SULPDU\�UHJXODWRU\�VFHQDULRV�DQG���

LQFUHPHQWDO�VHFRQGDU\�UHJXODWRU\�VFHQDULRV���$�VXPPDU\�RI�WKHVH�VFHQDULRV�LV�SUHVHQWHG�LQ

7DEOHV�9,,��D�DQG�9,,��E�
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7DEOH�9,,��D
$/7(51$7,9(�67$1'$5'�6&(1$5,26�(9$/8$7('

86,1*�1+((5/�:('�*,6�IRU�680��

6&(1$5,2 %$6(/,1( 67$1'$5'


� �����%DVHOLQH �����SSP���KRXU

� �����%DVHOLQH �����SSP���KRXU

� �����%DVHOLQH �����SSP���KRXU

� �����%DVHOLQH �����SSP���KRXU

� �����SSP���KRXU �����680��������

� �����SSP���KRXU �����680��������

� �����SSP���KRXU �����680��������

� �����SSP���KRXU �����680��������

� �����SSP���KRXU �����680��������

�� �����SSP���KRXU �����680��������

�� �����SSP���KRXU �����680��������

�� �����SSP���KRXU �����680��������

�� �����SSP���KRXU �����680��������

�� �����SSP���KRXU �����680��������

�� �����SSP���KRXU �����680��������

�� �����SSP���KRXU �����680��������


 $OO�680���VHFRQGDU\�VWDQGDUGV�DUH�GHILQHG�IRU�D����KRXU�DYHUDJLQJ�WLPH���$0�
�30��IRU�WKH�FRQWLJXRXV���PRQWK�SHULRG�ZLWK�KLJKHVW�2��LQ�WKH�FDOHQGDU�\HDU��
3HUFHQWV�LQGLFDWH�VWULQJHQF\�LQ�WHUPV�RI�SURWHFWLRQ�DJDLQVW�\LHOG�ORVV�IRU�����RI
FURSV�DV�REVHUYHG�LQ�1&/$1�H[SHULPHQWV�
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7DEOH�9,,��E
$/7(51$7,9(�67$1'$5'�6&(1$5,26�(9$/8$7('

86,1*�1+((5/�:('�*,6�IRU�:���

6&(1$5,2 %$6(/,1( 67$1'$5'


� �����%DVHOLQH �����SSP���KRXU

� �����%DVHOLQH �����SSP���KRXU

� �����%DVHOLQH �����SSP���KRXU

� �����%DVHOLQH �����SSP���KRXU

� �����SSP���KRXU �����:���������

� �����SSP���KRXU �����:���������

� �����SSP���KRXU �����:���������

� �����SSP���KRXU �����:���������

� �����SSP���KRXU �����:��������

�� �����SSP���KRXU �����:���������

�� �����SSP���KRXU �����:���������

�� �����SSP���KRXU �����:���������

�� �����SSP���KRXU �����:���������

�� �����SSP���KRXU �����:���������

�� �����SSP���KRXU �����:���������

�� �����SSP���KRXU �����:���������


 $OO�:����VHFRQGDU\�VWDQGDUGV�DUH�GHILQHG�IRU�D����KRXU�DYHUDJLQJ�WLPH���$0��30�
IRU�WKH�FRQWLJXRXV���PRQWK�SHULRG�ZLWK�KLJKHVW�2��LQ�WKH�FDOHQGDU�\HDU���3HUFHQWV
LQGLFDWH�VWULQJHQF\�LQ�WHUPV�RI�SURWHFWLRQ�DJDLQVW�\LHOG�ORVV�IRU�����RI�FURSV�DV
REVHUYHG�LQ�1&/$1�H[SHULPHQWV�
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7KLV�DQDO\VLV�XVHG�H[SRVXUH�UHVSRQVH�IXQFWLRQV�HVWLPDWHG�E\�1+((5/�:('��/HH�HW

DO���������IRU�WKH�FXOWLYDUV�H[DPLQHG�LQ�WKH�1&/$1�H[SHULPHQWV�IRU�FRUQ��FRWWRQ��SHDQXWV�

VRUJKXP��VR\EHDQ��DQG�ZLQWHU�ZKHDW���7ZR�IXQFWLRQV�ZHUH�FKRVHQ�IRU�HDFK�FURS���2QH

IXQFWLRQ�UHSUHVHQWV�WKH�FXOWLYDU�ZKLFK�H[SHULHQFHG�WKH�PLQLPXP�\LHOG�LPSDFW�ZKHQ�VXEMHFW�WR

2��H[SRVXUH�LQ�WKH�1&/$1�VWXGLHV��UHIOHFWLQJ�UHODWLYHO\�ORZ�VHQVLWLYLW\�WR�2���DQG�WKH�RWKHU

IXQFWLRQ�UHSUHVHQWV�WKH�FXOWLYDU�ZKLFK�H[SHULHQFHG�WKH�PD[LPXP�\LHOG�LPSDFW�ZKHQ�VXEMHFW�WR

2��H[SRVXUH�LQ�WKH�1&/$1�VWXGLHV��UHIOHFWLQJ�UHODWLYHO\�KLJK�VHQVLWLYLW\�WR�2�����)RU�SHDQXWV

DQG�VRUJKXP��RQO\�D�VLQJOH�1&/$1�H[SRVXUH�UHVSRQVH�IXQFWLRQ�ZDV�DYDLODEOH���$OWKRXJK

50)�LV�GHVLJQHG�WR�KDQGOH�UHJLRQDO�FKRLFHV�RI�FXOWLYDUV��LW�GRHV�QRW�DWWHPSW�WR�DVVLJQ�WKH

FXOWLYDU�VSHFLILF�H[SRVXUH�UHVSRQVH�IXQFWLRQV�WR�GLIIHUHQW�JHRJUDSKLF�UHJLRQV���,QVWHDG��DQDO\VHV

DUH�SHUIRUPHG�DV�LI�HDFK�FXOWLYDU�ZHUH�JURZQ�WKURXJKRXW�WKH�FRXQWU\�

7KH�IXQFWLRQDO�IRUP�XVHG�WR�HVWLPDWH�H[SRVXUH�UHVSRQVH�IXQFWLRQV�IRU�DOO�FURSV�LQ�WKLV

DQDO\VLV�LV�D�:HLEXOO�VSHFLILFDWLRQ�WUDQVIRUPHG�WR�SUHGLFW�UHODWLYH�\LHOG�ORVV���,Q�WKLV�DQDO\VLV�

���KU������DP�������SP��680���DQG�:����H[SRVXUH�LQGLFHV�ZHUH�XVHG���(DFK�LQGH[�LV

FDOFXODWHG�RYHU�D�FDOHQGDU�SHULRG�UHSUHVHQWLQJ�WKH�PHGLDQ�H[SRVXUH�SHULRG�IRU�HDFK�VSHFLILF

FURS�LQ�WKH�1&/$1�H[SHULPHQWV���7KH�PHGLDQ�H[SRVXUH�SHULRG�LV�WKH�PHGLDQ�RI�DOO�H[SRVXUH

GDWHV�IRU�DOO�1&/$1�H[SHULPHQWV�DFURVV�DOO�FXOWLYDUV�RI�D�FURS��

&DOHQGDU�SHULRGV�XVHG�IRU�FRPSXWLQJ�680���DQG�:����VWDWLVWLFV�DUH�EDVHG�RQ�WKH

KDUYHVW�GDWH�DQG�WKH�GXUDWLRQ�RI�H[SRVXUH�IRU�D�SDUWLFXODU�FURS���&DOFXODWLRQV�DUH�GRQH�RQ�D

6WDWH�VSHFLILF�EDVLV���7KLV�DOORZV�IRU�JHRJUDSKLF�YDULDWLRQ�ZKLFK�SHUPLWV�WKH�PRGHO�WR�EHWWHU

UHIOHFW�DFWXDO�2��H[SRVXUH�GXULQJ�WKH�WUXH�JURZLQJ�SHULRG�RI�WKH�FURS���7KH�ILUVW�GD\�RI�WKH

PRQWK�LQ�ZKLFK�WKH�FURS�LV�KDUYHVWHG�LV�XVHG�DV�WKH�DQFKRU�SRLQW�IRU�FRPSXWLQJ�WKH�FDOHQGDU

SHULRG�RI�H[SRVXUH�GXUDWLRQ���7KH�VWDUW�GDWH�LV�FRPSXWHG�DV�WKH�KDUYHVW�GDWH�PLQXV�PHGLDQ

H[SRVXUH�GD\V���7KH�ILUVW�GD\�RI�WKH�FRUUHVSRQGLQJ�PRQWK�LV�XVHG�DV�WKH�VWDUW�GDWH���'XUDWLRQ�LV

WKHUHIRUH�WKH�GLIIHUHQFH�EHWZHHQ�WKH�KDUYHVW�GDWH�DQG�WKH�VWDUW�GDWH���'DWD�XVHG�IRU�WKHVH

FDOFXODWLRQV�ZHUH�REWDLQHG�IURP�86'$��8VXDO�3ODQWLQJ�DQG�+DUYHVWLQJ�'DWHV�IRU�8�6��)LHOG

&URSV��������DQG�WKH�1&/$1�H[SHULPHQWDO�GDWD�

$PRQJ�WKH�FURSV�RULJLQDOO\�LQFOXGHG�LQ�50)��EDUOH\��RDWV��KD\��DOIDOID��DQG�VSULQJ

ZKHDW�KDYH�QRW�EHHQ�LQFOXGHG�LQ�WKLV�DQDO\VLV���7KH�UHDVRQV�IRU�QRW�LQFOXGLQJ�WKHVH�FURSV�YDU\�

�7KH�PRGHO�IDUP�GDWD�LQFOXGHG�LQ�50)�IRFXV�RQ�IDOO�EDUOH\��ZKLOH�WKH�1&/$1�H[SHULPHQWV
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IRFXV�RQ�VSULQJ�EDUOH\���7KHUHIRUH��WKH�H[SRVXUH�UHVSRQVH�IXQFWLRQV�GR�QRW�FRUUHVSRQG�WR�WKH

50)�SURGXFWLRQ�LQIRUPDWLRQ���6LPLODUO\��1&/$1�H[SHULPHQWV�IRFXVHG�H[FOXVLYHO\�RQ�ZLQWHU

ZKHDW�ZLWK�QR�H[SHULPHQWV�UHODWHG�WR�VSULQJ�ZKHDW���7KHUHIRUH��H[SRVXUH�UHVSRQVH�IXQFWLRQV

H[LVW�IRU�ZLQWHU�ZKHDW�RQO\���)LQDOO\��WKHUH�DUH�QR�H[SRVXUH�UHVSRQVH�IXQFWLRQV�WKDW�UHSUHVHQW

RDWV��KD\��RU�DOIDOID���7KHUHIRUH��WKHUH�LV�QR�EDVLV�IRU�H[SOLFLWO\�DSSO\LQJ�WKH�50)�PRGHO�WR

WKHVH�FURSV���7KH�FURSV�LQFOXGHG�LQ�WKH�DQDO\VLV�DUH��FRUQ��FRWWRQ��SHDQXWV��VRUJKXP��VR\EHDQ�

DQG�ZLQWHU�ZKHDW�

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�UDQJH�RI�UHVXOWV�IURP�WKLV�DQDO\VLV�UHSUHVHQWV�LPSDFWV

DVVRFLDWHG�RQO\�ZLWK�DYDLODEOH�1&/$1�H[SHULPHQWDO�GDWD���1RW�DOO�FXOWLYDUV�RI�D�FURS�KDYH

EHHQ�VXEMHFWHG�WR�H[SRVXUH�UHVSRQVH�H[SHULPHQWV���)XUWKHUPRUH��WKH�PL[�RI�FXOWLYDUV�DFWXDOO\

JURZQ�LQ������LV�QRW�UHSUHVHQWHG�E\�DQ\�VLQJOH�FXOWLYDU�H[DPLQHG�GXULQJ�WKH�1&/$1�VWXG\��

7KH�50)�EHQHILWV�UHVXOWV�DVVRFLDWHG�ZLWK�HLWKHU�WKH� PLQLPXP �RU� PD[LPXP �H[SRVXUH�

UHVSRQVH�IXQFWLRQ�VLPSO\�UHSUHVHQW�LPSDFWV�WKDW�VSDQ�D�UDQJH�RI�SRVVLEOH�UHVXOWV�WKDW�FRXOG�EH

REWDLQHG�ZLWK�DYDLODEOH�H[SHULPHQWDO�LQIRUPDWLRQ�

7KH�UHVXOWV�IURP�WKLV�DQDO\VLV�PHDVXUH�WKH�QDWLRQDO�HFRQRPLF�HIIHFWV�RI�FKDQJHV�LQ

DPELHQW�2��OHYHOV�RQ�WKH�SURGXFWLRQ�RI�D�VXEVHW�RI�LPSRUWDQW�FRPPRGLW\�FURSV���7KH�UHVXOWV

LQGLFDWH�WKDW�D�UHGXFWLRQ�LQ�2��IURP������DPELHQW�OHYHOV�WR�D�FRQWUROOHG�OHYHO�UHVXOWV�LQ�D

PRQHWDU\�QHW�EHQHILW���&RQYHUVHO\��DQ�LQFUHDVH�LQ�2��WR�DQ�DVVXPHG�DPELHQW�FRQFHQWUDWLRQ

DFURVV�DOO�UHJLRQV�SURGXFHV�D�QHW�ORVV�

,W�LV�LPSRUWDQW�WR�UHVWDWH�DQG�VXPPDUL]H�WKH�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKH�UHVXOWV�RI

WKH�50)�DQDO\VLV�SUHVHQWHG�EHORZ���8QFHUWDLQWLHV�DUH�LQWURGXFHG�E\������WKH�H[WUDSRODWLRQ�RI

OLPLWHG�PRQLWRUHG�DLU�TXDOLW\�GDWD�WR�QDWLRQDO�DLU�TXDOLW\�GLVWULEXWLRQV������WKH�DSSOLFDWLRQ�RI

H[SRVXUH�UHVSRQVH�IXQFWLRQV�IURP�1&/$1�RSHQ�WRS�FKDPEHU�VWXGLHV�H[WUDSRODWHG�WR�����

DPELHQW�DLU�H[SRVXUH�SDWWHUQV�DQG�FURS�SURGXFWLRQ������WKH�XVH�RI�D�TXDGUDWLF�UROOEDFN

PHWKRGRORJ\�WR�SURMHFW�WKH��MXVW�DWWDLQ��DLU�TXDOLW\�GLVWULEXWLRQV�ZLWKRXW�D�GLUHFW�OLQN�WR�DQ

HPLVVLRQV�FRQWURO�VWUDWHJ\��DQG�����WKH�XVH�RI�WKH�50)�ZLWK�WKH�LQKHUHQW�XQFHUWDLQWLHV�RI�DQ

HFRQRPLF�PRGHO�DQG�ZLWK�GLIIHUHQFHV�LQ�HVWLPDWHG�EHQHILWV�IURP�WKH�YDULRXV�HFRQRPLF

PHDVXUHV��SHUIHFW�FRPSHWLWLRQ��SULFH�VXSSRUWV�ZLWK�QR�DJULFXOWXUDO�SROLF\�DGMXVWPHQWV��DQG

SULFH�VXSSRUWV�ZLWK�DJULFXOWXUDO�SROLF\�DGMXVWPHQWV����,Q�DGGLWLRQ��HVWLPDWHG�\LHOG�ORVVHV�DUH

GLUHFWLRQDOO\�RYHUHVWLPDWHG�EHFDXVH�WKH\�DUH�EDVHG�RQ�1&/$1�GHULYHG�IXQFWLRQV�ZKLFK�XVH�D



���

EDFNJURXQG�FRQFHQWUDWLRQ�RI�������SSP�LQVWHDG�RI�D�EDFNJURXQG�OHYHO�RI������SSP��ZKLFK�LV

WKH�PLGSRLQW�RI�WKH�UDQJH�DVVXPHG�LQ�6HFWLRQ�,9�RI�WKLV�6WDII�3DSHU����2YHUHVWLPDWLRQ�RI�\LHOG

ORVVHV�UHVXOWV�LQ�KLJKHU�EHQHILWV���4XDQWLILFDWLRQ�RI�WKH�LQGLYLGXDO�RU�FRPSRXQGHG�HIIHFWV�RI

WKHVH�XQFHUWDLQWLHV��RU�RI�WKH�GLUHFWLRQDO�ELDV�UHVXOWLQJ�IURP�WKH�DERYH�DVVXPSWLRQV��LV

LQIHDVLEOH�DW�WKLV�WLPH���:KLOH�WKH�UHVXOWV�SUHVHQWHG�VKRXOG�EH�YLHZHG�DV�URXJK�DSSUR[LPDWLRQV�

WKH\�SURYLGH�XVHIXO�LQVLJKWV�IRU�FRPSDULQJ�WKH�UHODWLYH�EHQHILWV�REWDLQHG�DV�D�UHVXOW�RI�DWWDLQLQJ

DOWHUQDWLYH�UHJXODWRU\�VFHQDULRV�

� 7DEOHV�9,,��D�WKURXJK�9,,��G�SUHVHQW�WKH�UHVXOWV�IURP�DSSO\LQJ�WKH�50)�WR�GHWHUPLQH

FRPPRGLW\�FURS�EHQHILWV�EDVHG�RQ�IRXU�DOWHUQDWLYH�SULPDU\�VWDQGDUGV��VKDGHG�URZV��DQG�RQ

WKUHH�DOWHUQDWLYH�OHYHOV�RI�VWULQJHQF\�IRU�D�SDUWLFXODU�VHFRQGDU\�VWDQGDUG���7KH�IRXU�SULPDU\

VWDQGDUGV�DUH�������SSP��KU�������SSP��KU�������SSP��KU��DQG������SSP��KU���7KH�WZR

DOWHUQDWLYH�VHFRQGDU\�VWDQGDUGV�DUH��680���DQG�:�������KU����PRQWK�DW�YDULRXV�VWULQJHQF\

OHYHOV���)RU�WKH�680���LQGH[��WKH�OHYHOV������SSP�KU�������SSP�KU��DQG������SSP�KU�DUH

DVVRFLDWHG�ZLWK�����������DQG�����\LHOG�ORVV�SUHYHQWLRQ��UHVSHFWLYHO\��LQ�����RI�FURSV

VWXGLHG�LQ�WKH�1&/$1�H[SHULPHQWV���)RU�WKH�:����LQGH[��WKH�OHYHOV������SSP�KU�������SSP�

KU��DQG������SSP�KU�DUH�DVVRFLDWHG�ZLWK�����������DQG�����\LHOG�ORVV�SUHYHQWLRQ�

UHVSHFWLYHO\��LQ�����RI�FURSV�VWXGLHG�LQ�WKH�1&/$1�H[SHULPHQWV���7DEOHV��D�DQG��E

FRUUHVSRQG�WR�WKH�680���LQGH[�EDVHG�RQ�SULPDU\�VWDQGDUGV�WKDW�DOORZ���DQG���H[FHHGDQFHV�

UHVSHFWLYHO\���7DEOHV��F�DQG��G�FRUUHVSRQG�WR�WKH�:����LQGH[�EDVHG�RQ�SULPDU\�VWDQGDUGV�WKDW

DOORZ���DQG���H[FHHGDQFHV��UHVSHFWLYHO\���7KH����DQG���H[FHHGDQFH�FDVHV�DUH�FDOFXODWHG�DW�WKH

SULPDU\�VWDQGDUG�OHYHO�IRU�WKH���KRXU�RSWLRQV��RQO\�WKH���H[FHHGDQFH�FDVH�LV�FDOFXODWHG�IRU�WKH

SUHVHQW������SSP����KRXU�VWDQGDUG�

$V�VWDWHG�DERYH��WKH�EDVHOLQH�IRU�WKH�ZHOIDUH�EHQHILWV�FDOFXODWHG�LQ�WKLV�DQDO\VLV�ZDV�WKH

�����DLU�TXDOLW\���7KH������DLU�TXDOLW\�EDVHOLQH�ZDV�FKRVHQ�IRU�FRQVLVWHQF\�UHDVRQV��LW�LV�WKH

EDVHOLQH�XVHG�IRU�PRGHOLQJ��LPSOHPHQWDWLRQ��DQG�RWKHU�DQDO\VHV�UHODWHG�WR�WKH�2��VWDQGDUG

UHYLHZ���$V�HYLGHQFHG�E\�WKH�UHVXOWV�SUHVHQWHG�LQ�WDEOHV�9,,��D�WKURXJK��G��LW�LV�HVWLPDWHG�WKDW

SRVLWLYH�EHQHILWV�UHVXOW�IURP�DWWDLQLQJ�WKH�SUHVHQW�VWDQGDUG�EDVHG�RQ�WKH������DLU�TXDOLW\

EDVHOLQH���$GGLWLRQDO�LQFUHPHQWDO�EHQHILWV�DUH�HVWLPDWHG�IRU�DOVR�DWWDLQLQJ�DOWHUQDWLYH�VHFRQGDU\

VWDQGDUGV�



���
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,QVHUW�7DEOH�9,,��D
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,QVHUW�7DEOH�9,,��E



���

,QVHUW�7DEOH�9,,��F



���

,QVHUW�7DEOH�9,,��G
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5HVXOWV�DUH�SUHVHQWHG�LQ�DQQXDO������GROODUV�IRU�WKUHH�GLIIHUHQW�HFRQRPLF�PHDVXUHV

�FRPSHWLWLYH�HTXLOLEULXP��SUHVHQW�DJULFXOWXUDO�SROLF\��DQG�PRGLILHG�DJULFXOWXUDO�SROLF\��DQG�IRU

WZR�HQGSRLQWV��PLQLPXP�DQG�PD[LPXP�LPSDFWV��DV�GLVFXVVHG�DERYH���7KH�VKDGHG�URZV�

SUHVHQW�UHVXOWV�IRU�WKH�DOWHUQDWLYH�SULPDU\�VWDQGDUG�RSWLRQV��ZLWK�LQFUHPHQWDO�EHQHILWV�IURP�WKH

DOWHUQDWLYH�VHFRQGDU\�VWDQGDUGV�VKRZQ�EHORZ�HDFK�SULPDU\�VWDQGDUG�DOWHUQDWLYH���7DEOHV

GHWDLOLQJ�UHVXOWV�IRU�FRPELQHG�FURSV�DQG�LQGLYLGXDO�FURSV�DUH�SUHVHQWHG�LQ�+RUVW������E��

,Q�VXPPDU\��WKLV�DQDO\VLV�HVWLPDWHV�D�UDQJH�RI�EHQHILWV�XVLQJ�WKUHH�GLIIHUHQW�HFRQRPLF

PHDVXUHV�IRU�VHYHUDO�DOWHUQDWLYH�SULPDU\�DQG�LQFUHPHQWDO�VHFRQGDU\�VWDQGDUGV���%DVHG�RQ�WKH

680���DQDO\VLV�DQG�WKH�HFRQRPLF�PRGHO�WKDW�LQFRUSRUDWHV�SULFH�VXSSRUWV�DQG�DJULFXOWXUDO

SROLF\�DGMXVWPHQWV��WKH�PRGLILHG�DJULFXOWXUDO�SROLF\���HVWLPDWHG�DQQXDO�EHQHILWV�UHODWLYH�WR�D

�����EDVHOLQH�DVVRFLDWHG�ZLWK�MXVW�DWWDLQLQJ�WKH�FXUUHQW��SULPDU\�DQG�VHFRQGDU\��1$$46������

SSP����KU�DYHUDJH��UDQJH�IURP�DSSUR[LPDWHO\������������PLOOLRQ��ZLWK�LQFUHPHQWDO�DQQXDO

EHQHILWV�DVVRFLDWHG�ZLWK�VLPXOWDQHRXVO\�DWWDLQLQJ�WKH�PRVW�VWULQJHQW�VHFRQGDU\�VWDQGDUG

DOWHUQDWLYH�UDQJLQJ�IURP�DSSUR[LPDWHO\�������������PLOOLRQ���(VWLPDWHG�DQQXDO�EHQHILWV

DVVRFLDWHG�ZLWK�DWWDLQLQJ�DQ�DOWHUQDWLYH�SULPDU\�VWDQGDUG�������SSP����K�DYHUDJH����H[SHFWHG

H[FHHGDQFH��UDQJH�IURP�DSSUR[LPDWHO\������PLOOLRQ��������ELOOLRQ��ZLWK�VPDOO���������PLOOLRQ�

LQFUHPHQWDO�EHQHILWV�DVVRFLDWHG�ZLWK�D�VLPXOWDQHRXV�PRVW�VWULQJHQW�VHFRQGDU\�VWDQGDUG���7KH

DQQXDO�EHQHILWV�IURP�DWWDLQLQJ�WKH������SSP����K�DOWHUQDWLYH�SULPDU\�VWDQGDUG�DORQH�DUH

HVWLPDWHG�WR�EH�JUHDWHU�WKDQ�WKH�FRPELQHG�EHQHILWV�DVVRFLDWHG�ZLWK�DWWDLQLQJ�WKH�FXUUHQW

1$$46�DQG�WKH�PRVW�VWULQJHQW�VHFRQGDU\�VWDQGDUG�DOWHUQDWLYH�FRQVLGHUHG�LQ�WKLV�DQDO\VLV�

)RU�LOOXVWUDWLRQ�SXUSRVHV��7DEOH�9,,���SUHVHQWV�WKH�LQFUHPHQWDO�EHQHILWV�RI�PRYLQJ�IURP

WKH�SUHVHQW�VWDQGDUG�WR�D�GLIIHUHQW�VWDQGDUG���7KLV�LOOXVWUDWLRQ�LV�DQ�DOWHUQDWLYH�UHSUHVHQWDWLRQ�RI

VHOHFWHG�LQIRUPDWLRQ�IURP�7DEOH�9,,��D���,W�VKRZV�LQFUHPHQWDO�EHQHILWV�IRU�DOWHUQDWLYH�SULPDU\

DQG�680���VHFRQGDU\�VWDQGDUGV��DVVXPLQJ�RQH�H[SHFWHG�H[FHHGDQFH��DQG�XVLQJ�PD[LPXP

UHVXOWV�IURP�WKH�PRGLILHG�DJULFXOWXUDO�SROLF\�ZHOIDUH�PHDVXUH�



���

7DEOH�9,,��

$Q�,OOXVWUDWLRQ�RI�,QFUHPHQWDO�&KDQJHV�LQ�(FRQRPLF�6XUSOXV�IRU�$OWHUQDWLYH�3ULPDU\�DQG

680���6HFRQGDU\�6WDQGDUGV�8VLQJ�5HJLRQDO�0RGHO�)DUP��50)��5HVXOWV�IURP�7DEOH�9,,��D

�0LOOLRQV���LQ������

���([SHFWHG�([FHHGDQFH�

6WDQGDUG 0RGLILHG�$JULFXOWXUDO�3ROLF\�:HOIDUH

0HDVXUH�DQG�0D[LPXP�<LHOG�,PSDFW

)XQFWLRQV

3ULPDU\������SSP���KU

6HFRQGDU\������680������KU

����

����

3ULPDU\������SSP���KU

6HFRQGDU\������680������KU

����

����

3ULPDU\������SSP���KU

6HFRQGDU\������680������KU

����

����

3ULPDU\������SSP���KU

6HFRQGDU\������680������KU

������

�����
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%HQHILWV�IURP�HFRQRPLF�VWXGLHV�UHSRUWHG�LQ�WKH�&'�UDQJH�IURP������ELOOLRQ�WR�����

ELOOLRQ���7ZR�RI�WKH�FLWHG�VWXGLHV�ZHUH�QDWLRQDO�LQ�VFRSH�DQG�MXGJHG�DGHTXDWH�LQ�WHUPV�RI�GDWD

LQSXWV���.RSS�HW�DO����������XVLQJ�WKH�50)�LQFOXGLQJ�FRUQ��VR\EHDQV��ZKHDW��FRWWRQ��DQG

SHDQXWV��UHSRUWHG������ELOOLRQ�������GROODUV��LQ�EHQHILWV�IURP�WKH�UHGXFWLRQ�RI�DPELHQW�2��IURP

���WR����SSE���$GDPV�HW�DO���������LQFOXGHG�FRUQ��VR\EHDQV��FRWWRQ��ZKHDW��VRUJKXP��DQG

EDUOH\��DQG�UHSRUWHG������ELOOLRQ�������GROODUV��LQ�EHQHILWV�IURP�D�����UHGXFWLRQ�LQ�DPELHQW�2�

IURP������OHYHOV���7KHVH�UHVXOWV�DUH�QRW�GLUHFWO\�FRPSDUDEOH�WR�WKH�UHVXOWV�IURP�WKLV�50)

DQDO\VLV�EHFDXVH�WKH\�DUH�EDVHG�RQ�KLJKHU�EDVHOLQH�DLU�TXDOLW\�������YHUVXV������LQ�WKLV

DQDO\VLV���DQG�WKH\�DUH�EDVHG�RQ�GLIIHUHQW�SRVW�FRQWURO�DYHUDJH�DLU�TXDOLW\�OHYHOV�WKDW�FDQQRW�EH

UHODWHG�WR�WKH�DOWHUQDWLYH�VWDQGDUGV�XVHG�LQ�WKLV�DQDO\VLV�

)UXLW�DQG�9HJHWDEOH�&URSV����7KHUH�DUH�FXUUHQWO\�QR�QDWLRQDO�OHYHO�HFRQRPLF�PRGHOV

WKDW�LQFRUSRUDWH�IUXLWV�DQG�YHJHWDEOHV��DOWKRXJK�VXFK�HIIRUWV�DUH�XQGHUZD\���$�UHJLRQDO�PRGHO�

WKH�&DOLIRUQLD�$JULFXOWXUDO�5HVRXUFHV�0RGHO��&$50���KDV�EHHQ�GHYHORSHG�DQG�XVHG�E\�WKH

&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG��+RZLWW������D��E����7KLV�PRGHO�ZDV�XVHG�WR�DQDO\]H�WKH

EHQHILWV�RI�UHGXFLQJ�DPELHQW�2��RQ�WKH�VHQVLWLYH�FURSV�JURZQ�LQ�&DOLIRUQLD��$EW���������

$PRQJ�WKHVH�FURSV�DUH�WKH�HFRQRPLFDOO\�LPSRUWDQW�IUXLWV�DQG�YHJHWDEOHV�HQGHPLF�RI�&DOLIRUQLD

DQG�RWKHU�VWDWHV�ZLWK�VLPLODU�FOLPDWH��VXFK�DV�)ORULGD���,Q�������&DOLIRUQLD�FURSV�DFFRXQWHG�IRU

DOPRVW�����RI�WKH�8�6��IUXLW�DQG�YHJHWDEOH�SURGXFWLRQ�

7KH�&$50�LV�D�QRQOLQHDU�RSWLPL]DWLRQ�PRGHO�RI�&DOLIRUQLD�DJULFXOWXUH�ZKLFK�DVVXPHV

WKDW�SURGXFHUV�PD[LPL]H�IDUP�SURILW�VXEMHFW�WR�ODQG��ZDWHU��DQG�RWKHU�DJURQRPLF�FRQVWUDLQWV��

7KH�PRGHO�PD[LPL]HV�WRWDO�HFRQRPLF�VXUSOXV�DQG�SUHGLFWV�SURGXFHUV
�VKLIWV�LQ�DFUHDJH�SODQWHG

WR�GLIIHUHQW�FURSV�GXH�WR�FKDQJLQJ�PDUNHW�FRQGLWLRQV�RU�UHVRXUFHV����7KH�50)�PRGHO�GLVFXVVHG

DERYH�GRHV�QRW�KDYH�WKLV�FURS�VXEVWLWXWLRQ�SUHGLFWLYH�FDSDELOLW\����7KH�&$50�XVHV�FRQVWDQW

HODVWLFLW\�RI�VXEVWLWXWLRQ��&(6��SURGXFWLRQ�IXQFWLRQV��ZKLFK�SHUPLWV�WKH�VXEVWLWXWLRQ�RI�YDULDEOH

LQSXWV�LQ�UHVSRQVH�WR�D�FKDQJH�LQ�FRQGLWLRQV�VXFK�DV�WKRVH�GXH�WR�FKDQJHV�LQ�\LHOG�DVVRFLDWHG

ZLWK�2��H[SRVXUH���7KH�&$50�LV�GLVDJJUHJDWHG�LQWR�QLQH�SURGXFWLRQ�UHJLRQV�DQG�LW�LQFOXGHV���

GLIIHUHQW�FURSSLQJ�DFWLYLWLHV���,W�GRHV�QRW�KDYH�D�OLYHVWRFN�VHFWRU��DOWKRXJK�WKH�GHPDQG�IXQFWLRQ

IRU�VRPH�FURSV�UHIOHFWV�OLYHVWRFN�IHHG�GHPDQG�RYHU�WLPH���7KH�YHUVLRQ�RI�WKH�&$50�XVHG�IRU

WKLV�DQDO\VLV�ZDV�FDOLEUDWHG�WR������SURGXFWLRQ�DQG�SULFH�GDWD�



���

7KH�UHVXOWV�IURP�WKLV�&$50�DQDO\VLV�PHDVXUH�WKH�UHJLRQDO�HFRQRPLF�HIIHFWV�RI�FKDQJHV

LQ�DPELHQW�2��OHYHOV�RQ�WKH�SURGXFWLRQ�RI�DOPRQGV��DSULFRWV��DYRFDGRV��FDQWDORXSHV��EURFFROL�

FLWUXV��JUDSHV��SOXPV��WRPDWRHV��DQG�GU\�EHDQV���7KH�UHVXOWV��DV�VXPPDUL]HG�LQ�7DEOH�9,,���

LQGLFDWH�WKDW�UHGXFWLRQV�LQ�2��IURP������OHYHOV�WR�FRQWUROOHG�OHYHOV�UHVXOW�LQ�D�PRQHWDU\�QHW

EHQHILW���$V�ZLWK�WKH�50)�DQDO\VLV�GLVFXVVHG�DERYH��WZR�OHYHOV�RI�UHVSRQVH�ZHUH�HYDOXDWHG�IRU

HDFK�VWDQGDUG�WR�UHIOHFW�WKH�PLQLPXP�UHVSRQVH�DQG�WKH�PD[LPXP�UHVSRQVH���7KH�&$50

DQDO\VLV�SURYLGHV�DQ�LQGLFDWLRQ�RI�WKH�UDQJH�RI�EHQHILWV�WKDW�FDQ�EH�HVWLPDWHG�EDVHG�RQ�WKH

DYDLODEOH�GDWD�

$V�ZLWK�WKH�XQFHUWDLQWLHV�RI�WKH�50)�DQDO\VLV�GLVFXVVHG�DERYH��LW�LV�LPSRUWDQW�WR�UHVWDWH

DQG�VXPPDUL]H�WKH�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKH�UHVXOWV�RI�WKH�&DOLIRUQLD�IUXLWV�DQG

YHJHWDEOHV�DQDO\VLV�SUHVHQWHG�LQ�7DEOH�9,,�����8QFHUWDLQWLHV�DUH�LQWURGXFHG�E\������WKH

H[WUDSRODWLRQ�RI�OLPLWHG�PRQLWRUHG�DLU�TXDOLW\�GDWD�WR�QDWLRQDO�DLU�TXDOLW\�GLVWULEXWLRQV������WKH

DSSOLFDWLRQ�RI�H[SRVXUH�UHVSRQVH�IXQFWLRQV�IURP�1&/$1�RSHQ�WRS�FKDPEHU�VWXGLHV

H[WUDSRODWHG�WR������DPELHQW�DLU�H[SRVXUH�SDWWHUQV�DQG�FURS�SURGXFWLRQ������WKH�XVH�RI

DOWHUQDWLYH�QRQ�1&/$1�H[SRVXUH�UHVSRQVH�IXQFWLRQV�IRU�D�YDULHW\�RI�IUXLWV�DQG�YHJHWDEOHV�QRW

LQFOXGHG�LQ�WKH�1&/$1�VWXGLHV������WKH�XVH�RI�H[SRVXUH�UHVSRQVH�IXQFWLRQV�LQ�D�QRQ�:���

IRUP�IRU�QRQ�1&/$1�FURSV�IRU�ZKLFK�D�:����IXQFWLRQ�FRXOG�QRW�EH�GHULYHG������WKH�XVH�RI�D

TXDGUDWLF�UROOEDFN�PHWKRGRORJ\�WR�SURMHFW�WKH��MXVW�DWWDLQ��DLU�TXDOLW\�GLVWULEXWLRQV�ZLWKRXW�D

GLUHFW�OLQN�WR�DQ�HPLVVLRQV�FRQWURO�VWUDWHJ\��DQG�����WKH�XVH�RI�WKH�&$50�ZLWK�WKH�LQKHUHQW

XQFHUWDLQWLHV�RI�DQ�HFRQRPLF�PRGHO���,Q�DGGLWLRQ��HVWLPDWHG�\LHOG�ORVVHV�EDVHG�RQ�IXQFWLRQV�WKDW

LQFOXGH�D�EDFNJURXQG�FRQFHQWUDWLRQ�OHYHO�RI�������SSP�LQVWHDG�RI�D�EDFNJURXQG�OHYHO�RI�����

SSP��ZKLFK�LV�WKH�PLGSRLQW�RI�WKH�UDQJH�DVVXPHG�LQ�FKDSWHU����DUH�GLUHFWLRQDOO\�RYHUHVWLPDWHG�

�2YHUHVWLPDWLRQ�RI�\LHOG�ORVVHV�ZLOO�UHVXOW�LQ�KLJKHU�EHQHILWV���4XDQWLILFDWLRQ�RI�WKH�LQGLYLGXDO

RU�FRPSRXQGHG�HIIHFWV�RI�WKHVH�XQFHUWDLQWLHV��RU�RI�WKH�GLUHFWLRQDO�ELDV�UHVXOWLQJ�IURP�WKH

DERYH�DVVXPSWLRQV��LV�LQIHDVLEOH�DW�WKLV�WLPH���:KLOH�WKH�UHVXOWV�SUHVHQWHG�VKRXOG�EH�YLHZHG�DV

URXJK�DSSUR[LPDWLRQV��WKH\�SURYLGH�XVHIXO�LQVLJKWV�IRU�FRPSDULQJ�WKH�UHODWLYH�EHQHILWV�REWDLQHG

DV�D�UHVXOW�RI�DWWDLQLQJ�DOWHUQDWLYH�UHJXODWRU\�VFHQDULRV��

7KLV�DQDO\VLV�HVWLPDWHV�D�UDQJH�RI�EHQHILWV�IRU�VLPLODU�DOWHUQDWLYH�SULPDU\�DQG

LQFUHPHQWDO�VHFRQGDU\�VWDQGDUGV�DV�ZHUH�DQDO\]HG�XVLQJ�WKH�50)�IRU�FRPPRGLW\�FURSV����7KH

&$50�DQDO\VLV�DGMXVWHG�DLU�TXDOLW\�WR�DOORZ�IRU�QR�H[FHHGDQFHV����6SHFLILFDOO\���



���
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GLIIHUHQW�SULPDU\�VWDQGDUGV�DUH�DQDO\]HG�LQGLYLGXDOO\�DQG�ZLWK�DOWHUQDWLYH����KU�:���

VHFRQGDU\�VWDQGDUGV�RI���VWULQJHQF\�OHYHOV���7KH�VHFRQGDU\�VWDQGDUGV�DUH�DQDO\]HG�IRU

LQFUHPHQWDO�LPSURYHPHQW�EH\RQG�WKDW�DFKLHYHG�E\�HDFK�LQGLYLGXDO�SULPDU\�DOWHUQDWLYH���$�WRWDO

RI����VFHQDULRV�ZHUH�DQDO\]HG�IRU�WKH�:����RSWLRQ����SULPDU\�UHJXODWRU\�VFHQDULRV�DQG���

LQFUHPHQWDO�VHFRQGDU\�UHJXODWRU\�VFHQDULRV���(VWLPDWHG�DQQXDO�EHQHILWV�LQ�&DOLIRUQLD�UHODWLYH�WR

D������EDVHOLQH�DVVRFLDWHG�ZLWK�MXVW�DWWDLQLQJ�D���KU�������SSP�1$$46�UDQJH�IURP

DSSUR[LPDWHO\������������PLOOLRQ��ZLWK�LQFUHPHQWDO�DQQXDO�EHQHILWV�DVVRFLDWHG�ZLWK�DWWDLQLQJ

WKH�PRVW�VWULQJHQW�VHFRQGDU\�VWDQGDUG�DOWHUQDWLYH�UDQJLQJ�IURP�DSSUR[LPDWHO\������������

PLOOLRQ���(VWLPDWHG�DQQXDO�EHQHILWV�DVVRFLDWHG�ZLWK�MXVW�DWWDLQLQJ�WKH������SSP���K�SULPDU\

VWDQGDUG�UDQJHV�IURP�DSSUR[LPDWHO\�������������PLOOLRQ��ZLWK��LQFUHPHQWDO�EHQHILWV�DVVRFLDWHG

ZLWK�MXVW�DWWDLQLQJ�WKH�PRVW�VWULQJHQW�DOWHUQDWLYH�VHFRQGDU\�VWDQGDUG�UDQJLQJ�IURP

DSSUR[LPDWHO\�����������PLOOLRQ�

2UQDPHQWDOV�DQG�&RPPHUFLDO�)RUHVWV���%DVHG�RQ�WKH�GLVFXVVLRQ�RI�HIIHFWV�LQ�VHFWLRQ

9,,�'��RUQDPHQWDOV�DQG�FRPPHUFLDO�IRUHVWV�DUH�DGGLWLRQDO�YHJHWDWLRQ�FDWHJRULHV�WKDW�UHSUHVHQW

ODUJH�HFRQRPLF�VHFWRUV�ZKLFK�DUH�OLNHO\�WR�H[SHULHQFH�VRPH�GHJUHH�RI�HIIHFWV�DVVRFLDWHG�ZLWK

H[SRVXUH�WR�DPELHQW�2��OHYHOV���+RZHYHU��LQ�WKH�DEVHQFH�RI�DGHTXDWH�H[SRVXUH�UHVSRQVH

IXQFWLRQV�DQG�HFRQRPLF�GDPDJH�IXQFWLRQV�IRU�WKH�SRWHQWLDO�UDQJH�RI�HIIHFWV�UHOHYDQW�WR�WKHVH

W\SHV�RI�YHJHWDWLRQ��QR�TXDQWLWDWLYH�HFRQRPLF�EHQHILWV�DQDO\VLV�KDV�EHHQ�FRQGXFWHG�LQ�WKHVH

DUHDV�DV�SDUW�RI�WKLV�VWDII�DVVHVVPHQW���+RZHYHU��DV�GLVFXVVHG�EULHIO\�EHORZ��VLJQLILFDQW

HFRQRPLF�EHQHILWV�FRXOG�SRWHQWLDOO\�UHVXOW�XSRQ�DWWDLQLQJ�WKH�DOWHUQDWLYH�VWDQGDUGV�DQDO\]HG

DERYH�IRU�FRPPHUFLDO�FURSV�DQG�IUXLWV�DQG�YHJHWDEOHV�

2UQDPHQWDOV�XVHG�LQ�WKH�XUEDQ�DQG�VXEXUEDQ�ODQGVFDSH�LQFOXGH�YHJHWDWLRQ�VXFK�DV

VKUXEV��WUHHV��JUDVVHV��DQG�IORZHUV���7KH�W\SHV�RI�HFRQRPLF�ORVVHV�WKDW�FRXOG�SRWHQWLDOO\�UHVXOW

IURP�HIIHFWV�WKDW�KDYH�EHHQ�DVVRFLDWHG�ZLWK�2��H[SRVXUH�LQFOXGH�����UHGXFWLRQ�LQ�DHVWKHWLF

VHUYLFHV�RYHU�WKH�UHDOL]HG�OLIHWLPH�RI�D�SODQW�����WKH�ORVV�RI�DHVWKHWLF�VHUYLFHV�UHVXOWLQJ�IURP�WKH

SUHPDWXUH�GHDWK��RU�HDUO\�UHSODFHPHQW��RI�DQ�LQMXUHG�SODQW�����WKH�FRVW�DVVRFLDWHG�ZLWK

UHPRYLQJ�WKH�LQMXUHG�SODQW�DQG�UHSODFLQJ�LW�ZLWK�D�QHZ�SODQW�����UHGXFHG�VHHGOLQJ�VXUYLYDELOLW\�

DQG����DQ\�DGGLWLRQDO�FRVWV�LQFXUUHG�RYHU�WKH�OLIHWLPH�RI�WKH�LQMXUHG�SODQW�WR�PLWLJDWH�WKH�HIIHFWV

RI�2��LQGXFHG�LQMXU\���%LOOLRQV�RI�GROODUV�DUH�VSHQW�DQQXDOO\�RQ�ODQGVFDSLQJ�XVLQJ�RUQDPHQWDOV

�$EW���������ERWK�E\�SULYDWH�SURSHUW\�RZQHUV�WHQDQWV�DQG�E\�JRYHUQPHQWDO�XQLWV�UHVSRQVLEOH

IRU�SXEOLF�DUHDV��PDNLQJ�WKLV�D�SRWHQWLDOO\�LPSRUWDQW�ZHOIDUH��HIIHFWV�FDWHJRU\��+RZHYHU�



���

LQIRUPDWLRQ�DQG�YDOXDWLRQ�PHWKRGV�DUH�QRW�DYDLODEOH�WR�DOORZ�IRU�FUHGLEOH�HVWLPDWHV�RI�WKH

SHUFHQWDJH�RI�WKHVH�H[SHQGLWXUHV�WKDW�PD\�EH�UHODWHG�WR�LPSDFWV�DVVRFLDWHG�ZLWK�2��H[SRVXUH�

,W�LV�UHFRJQL]HG�WKDW�FRPPHUFLDO�PDUNHWV�IRU�WXUI��IORZHUV��DQG�ZRRG\�SODQWV�DFWLYHO\

GHYHORS��WHVW��DQG�VHOHFW�QHZ�SODQW�FXOWLYDUV�IRU�XVH�LQ�WKH�XUEDQ�ODQGVFDSH���%UHHGHUV�DQG

QXUVHULHV�VHOHFW�IRU�KDUG\�FXOWLYDUV�WKDW�DUH�UHVLVWDQW�WR�WKH�HQYLURQPHQWDO�VWUHVVHV�SUHVHQW�LQ�WKH

XUEDQ�ODQGVFDSH���7KRXJK�EUHHGLQJ�SURJUDPV�PD\�QRW�VHOHFW�VSHFLILFDOO\�IRU�2��UHVLVWDQW

VWUDLQV��WKH\�SUREDEO\�LQGLUHFWO\�UHVXOW�LQ�VHOHFWLRQ�IRU�2��UHVLVWDQFH���0DQ\�RI�WKH�EUHHGHUV�DQG

QXUVHULHV�DUH�ORFDWHG�LQ�KLJK�2��DUHDV��DQG�SODQW�YDULHWLHV�GHYHORSHG�LQ�EUHHGLQJ�SURJUDPV�WKDW

GR�QRW�LQLWLDOO\�GR�ZHOO�DW�WKH�QXUVHU\�JHQHUDOO\�DUH�GLVFDUGHG���/LNHZLVH��SODQW�VSHFLHV�WKDW

HLWKHU�GR�SRRUO\�DW�WKH�QXUVHU\�RU�LQ�WKH�PDUNHW�DUHDV�VHUYHG�E\�WKH�QXUVHU\�DUH�QRW�FDUULHG�DW

WKH�ZKROHVDOH�OHYHO���7KXV��SRWHQWLDO�HFRQRPLF�ORVVHV�PD\�EH�OLPLWHG�WR�D�VLJQLILFDQW�GHJUHH�E\

FRPPHUFLDO�PDUNHWV�LQ�ZKLFK�VXFK�YHJHWDWLRQ�LV�EUHG�DQG�PDUNHWHG�

$Q\�DWWHPSW�WR�HVWLPDWH�HFRQRPLF�EHQHILWV�IRU�FRPPHUFLDO�IRUHVWV�DVVRFLDWHG�ZLWK

DWWDLQLQJ�DOWHUQDWLYH�2��VWDQGDUGV�LV�FRQVWUDLQHG�E\�D�ODFN�RI�H[SRVXUH�UHVSRQVH�IXQFWLRQV�IRU

WKH�FRPPHUFLDOO\�LPSRUWDQW�PDWXUH�WUHHV���$V�SUHYLRXVO\�GLVFXVVHG��DOWKRXJK�H[SRVXUH�

UHVSRQVH�IXQFWLRQV�KDYH�EHHQ�GHYHORSHG�IRU�VHHGOLQJV�IRU�D�QXPEHU�RI�LPSRUWDQW�WUHH�VSHFLHV�

WKHVH�VHHGOLQJ�IXQFWLRQV�FDQQRW�EH�H[WUDSRODWHG�WR�PDWXUH�WUHHV�EDVHG�RQ�FXUUHQW�NQRZOHGJH��

5HFRJQL]LQJ�WKLV�OLPLWDWLRQ��D�VWXG\�E\�3\H�HW�DO�������D��E��XVHG�D�PHWKRG�LQYROYLQJ�H[SHUW

MXGJPHQWV�DERXW�WKH�HIIHFW�RI�2��OHYHOV�RQ�SHUFHQW�JURZWK�FKDQJH�WR�GHYHORS�HVWLPDWHV�RI�2��

UHODWHG�HFRQRPLF�ORVVHV�IRU�IRUHVW�SURGXFWV���+RZHYHU��XQWLO�DGGLWLRQDO�HIIHFWV�LQIRUPDWLRQ

EHFRPHV�DYDLODEOH�DOORZLQJ�IRU�H[SRVXUH�UHVSRQVH�IXQFWLRQV�IRU�PDWXUH�WUHHV�WR�EH�H[WUDSRODWHG

IURP�VHHGOLQJ�HIIHFWV�VWXGLHV��WKH�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKLV�PHWKRG�OLPLW�LWV�XVHIXOQHVV

LQ�DVVHVVLQJ�WKH�EHQHILWV�RI�DWWDLQLQJ�DOWHUQDWLYH�DLU�TXDOLW\�VWDQGDUGV�

6XPPDU\���7DEOH�9,,���VXPPDUL]HV�WKH�HIIHFWV�FDWHJRULHV�GLVFXVVHG�DERYH�DQG�SUHVHQWV

WKH�PRQHWL]HG�DQG�QRQ�PRQHWL]HG�EHQHILWV�DVVRFLDWHG�ZLWK�VHOHFWHG�UHJXODWRU\�VFHQDULRV��

0RQHWL]HG�EHQHILWV�ZHUH�FDOFXODWHG�IRU�FRPPRGLW\�FURSV�VWXGLHG�LQ�WKH�1&/$1�SURMHFW�DQG

IRU�IUXLWV�DQG�YHJHWDEOHV�JURZQ�LQ�&DOLIRUQLD���0RQHWL]HG�EHQHILWV�IRU�RWKHU�FURSV��XUEDQ

RUQDPHQWDOV��WUHH�VHHGOLQJV��PDWXUH�IRUHVWV��FRPPHUFLDO�IRUHVWV��&ODVV�,�DUHDV��DQG�RWKHU

HFRV\VWHPV�DUH�QRW�SUHVHQWHG�EHFDXVH�RI�WKH�ODFN�RI�H[SRVXUH�UHVSRQVH�IXQFWLRQV
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DQG�DSSURSULDWH�HFRQRPLF�YDOXDWLRQ�PRGHOV���,QIRUPDWLRQ�SUHVHQWHG�LQ�SUHFHGLQJ�VHFWLRQV�

KRZHYHU��VXJJHVWV�WKDW�UHGXFWLRQV�LQ�DPELHQW�2��OHYHOV�ZLOO�\LHOG�EHQHILWV�IURP�WKHVH

FDWHJRULHV�

7DEOH�9,,���SUHVHQWV�D�UDQJH�RI�EHQHILWV�IRU�WKH�FRPPRGLW\�FURSV�DQG�IRU�WKH�&DOLIRUQLD

IUXLWV�DQG�YHJHWDEOHV���7KH�ORZHU�HQG�RI�WKH�UDQJH�LV�EDVHG�RQ�WKH�FXOWLYDUV�ZKLFK�H[SHULHQFHG

WKH�PLQLPXP�\LHOG�LPSDFW�ZKHQ�VXEMHFW�WR�2��H[SRVXUH�LQ�WKH�1&/$1�VWXGLHV��UHIOHFWLQJ

UHODWLYHO\�ORZ�VHQVLWLYLW\�WR�2�����7KH�XSSHU�HQG�RI�WKH�UDQJH�UHIOHFWV�WKH�FXOWLYDUV�ZKLFK

H[SHULHQFHG�WKH�PD[LPXP�\LHOG�LPSDFW�ZKHQ�VXEMHFW�WR�2��H[SRVXUH�LQ�WKH�1&/$1�VWXGLHV

�UHIOHFWLQJ�UHODWLYHO\�KLJK�VHQVLWLYLW\�WR�2�����7KHVH�UHVXOWV�DUH�EDVHG�RQ�WKH��PRGLILHG

DJULFXOWXUDO�SROLF\��PHDVXUH�ZKLFK�FRPELQHV�SULFH�VXSSRUWV�DQG�DJULFXOWXUDO�SROLF\�DGMXVWPHQWV

WR�DIIHFW�SURGXFWLRQ�OHYHOV��0DGDULDJD����������7KH�FRPPRGLW\�FURSV�DQDO\]HG�UHSUHVHQW����

RI�WKH�8�6��VDOHV�RI�DJULFXOWXUDO�FURSV��DQG�WKH�&DOLIRUQLD�IUXLWV�DQG�YHJHWDEOHV�DQDO\]HG

UHSUHVHQW�DSSUR[LPDWHO\�����RI�WKH�IUXLW�DQG�YHJHWDEOH�PDUNHWV�

7KH�LQIRUPDWLRQ�LQ�7DEOH�9,,���SURYLGHV��IRU�H[DPSOH��WKH�IROORZLQJ�FRPSDULVRQV

EHWZHHQ�WKH�HVWLPDWHG�EHQHILWV�DVVRFLDWHG�ZLWK�DWWDLQLQJ�WKH�FXUUHQW�1$$46�DQG�D�QHZ���KRXU�

�����SSP�SULPDU\�VWDQGDUG��DV�ZHOO�DV�WKH�LQFUHPHQWDO�EHQHILWV�DVVRFLDWHG�ZLWK�DWWDLQLQJ�WKH

ORZHVW�VHDVRQDO�VHFRQGDU\�DQDO\]HG���&RPELQLQJ�WKH�EHQHILWV�HVWLPDWHV�IRU�FRPPRGLW\�FURSV

DQG�IUXLWV�DQG�YHJHWDEOHV�UHSUHVHQWV�RQO\�DQ�DSSUR[LPDWLRQ�VLQFH�WKHUH�ZHUH�VPDOO�GLIIHUHQFHV

LQ�WKH�IRUPV�RI�WKH�DOWHUQDWLYH�VWDQGDUGV�DQDO\]HG��DV�QRWHG�LQ�WKH�7DEOH�9,,���IRRWQRWHV��

7RWDO�HVWLPDWHG�DQQXDO�EHQHILWV�DVVRFLDWHG�ZLWK�DWWDLQLQJ�WKH�FXUUHQW�1$$46�LQFOXGH
DSSUR[LPDWHO\�����������0�LQ�PRQHWL]HG�EHQHILWV�IURP�WKH�FRPPRGLW\�FURSV�DQG
&DOLIRUQLD�IUXLWV�DQG�YHJHWDEOHV�DQDO\]HG��DV�ZHOO�DV�VRPH�OHYHO�RI�EHQHILWV�IURP�WKH
RWKHU�EHQHILWV�FDWHJRULHV�VKRZQ��IRU�ZKLFK�QR�TXDQWLWDWLYH�HVWLPDWHV�FRXOG�EH�PDGH�

7RWDO�HVWLPDWHG�DQQXDO�EHQHILWV�DVVRFLDWHG�ZLWK�DWWDLQLQJ�D�QHZ���KRXU�SULPDU\�VWDQGDUG
RI������SSP����H[SHFWHG�H[FHHGDQFH��LQFOXGH�DSSUR[LPDWHO\�������������0�LQ
PRQHWL]HG�EHQHILWV�IURP�WKH�FRPPRGLW\�FURSV�DQG�&DOLIRUQLD�IUXLWV�DQG�YHJHWDEOHV
DQDO\]HG��DV�ZHOO�DV�VRPH�OHYHO�RI�EHQHILWV�IURP�WKH�RWKHU�EHQHILWV�FDWHJRULHV�VKRZQ��IRU
ZKLFK�QR�TXDQWLWDWLYH�HVWLPDWHV�FRXOG�EH�PDGH��DOWKRXJK�GLUHFWLRQDOO\�WKHVH�EHQHILWV
ZRXOG�EH�H[SHFWHG�WR�EH�JUHDWHU�WKDQ�WKRVH�DVVRFLDWHG�ZLWK�DWWDLQLQJ�WKH�FXUUHQW
1$$46�
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,QFUHPHQWDO�DQQXDO�EHQHILWV�DVVRFLDWHG�ZLWK�DWWDLQLQJ�WKH�ORZHVW�VHDVRQDO�VHFRQGDU\
VWDQGDUGV�DQDO\]HG�LQFOXGH�DSSUR[LPDWHO\�����������0�LQ�PRQHWL]HG�EHQHILWV�UHODWLYH
WR�WKH�FXUUHQW�1$$46��FRPSDUHG�WR�DSSUR[LPDWHO\���������0�UHODWLYH�WR�D�QHZ���
KRXU�������SSP����H[SHFWHG�H[FHHGDQFH�VWDQGDUG���$GGLWLRQDO�LQFUHPHQWDO�EHQHILWV
ZRXOG�EH�REWDLQHG�IRU�WKH�RWKHU�EHQHILWV�FDWHJRULHV�VKRZQ��DOWKRXJK�QR�TXDQWLWDWLYH
HVWLPDWHV�RI�WKHVH�DGGLWLRQDO�EHQHILWV�FRXOG�EH�PDGH�

7R�SURMHFW�PRQHWL]HG�EHQHILWV�QDWLRQZLGH��WKH�DERYH�UHSRUWHG�HVWLPDWHV�ZRXOG�QHHG�WR

EH�VFDOHG�XSZDUG��VLQFH�WKH�FRPPRGLW\�FURSV�LQFOXGHG�LQ�WKH�DQDO\VHV�DFFRXQW�IRU�RQO\�����RI

WKH�8�6��VDOHV�RI�DOO�DJULFXOWXUDO�FURSV�DQG�WKH�&DOLIRUQLD�IUXLWV�DQG�YHJHWDEOHV�LQFOXGH�RQO\

DSSUR[LPDWHO\�����RI�WKH�QDWLRQ
V�IUXLW�DQG�YHJHWDEOH�PDUNHWV���$�URXJK�DSSUR[LPDWLRQ�RI�D

QDWLRQDO�HVWLPDWH�FDQ�EH�FDOFXODWHG�E\�SURSRUWLRQDWHO\�VFDOLQJ�WKH�PRQHWL]HG�HVWLPDWHV�WR�WKH

HQWLUH�PDUNHW���,W�LV�UHFRJQL]HG��KRZHYHU��WKDW�IDFWRUV�VXFK�DV�WKH�VHQVLWLYLW\�WR�2��RI�FURSV�DQG

IUXLWV�DQG�YHJHWDEOHV�QRW�IRUPDOO\�DQDO\]HG��UHJLRQDO�DLU�TXDOLW\��DQG�UHJLRQDO�HFRQRPLFV

LQWURGXFH�FRQVLGHUDEOH�XQFHUWDLQW\�WR�DQ\�VXFK�DSSURDFK�WR�GHYHORSLQJ�D�QDWLRQDO�HVWLPDWH��

$SSO\LQJ�VXFK�D�VFDOLQJ�DSSURDFK�WR�WKH�UDQJHV�JLYHQ�DERYH�UHVXOWV�LQ�WKH�IROORZLQJ�URXJK

DSSUR[LPDWLRQV�WR�QDWLRQDO�PRQHWL]HG�EHQHILWV�DVVRFLDWHG�ZLWK�WKH�FDWHJRULHV�RI�FRPPRGLW\

FURSV�DQG�IUXLWV�DQG�YHJHWDEOHV�

1DWLRQDO�DSSUR[LPDWLRQ�RI�DQQXDO�PRQHWL]HG�EHQHILWV�DVVRFLDWHG�ZLWK�DWWDLQLQJ�WKH
FXUUHQW�1$$46�������������0�

1DWLRQDO�DSSUR[LPDWLRQ�RI�DQQXDO�PRQHWL]HG�EHQHILWV�DVVRFLDWHG�ZLWK�DWWDLQLQJ�D�QHZ���
KRXU�SULPDU\�VWDQGDUG�RI������SSP����H[SHFWHG�H[FHHGDQFH���������������0�

1DWLRQDO�DSSUR[LPDWLRQ�RI�LQFUHPHQWDO�DQQXDO�PRQHWL]HG�EHQHILWV�DVVRFLDWHG�ZLWK
DWWDLQLQJ�WKH�ORZHVW�VHDVRQDO�VHFRQGDU\�VWDQGDUGV�DQDO\]HG�������������0�UHODWLYH�WR
WKH�FXUUHQW�1$$46��FRPSDUHG�WR�DSSUR[LPDWHO\����������0�UHODWLYH�WR�D�QHZ���KRXU�
�����SSP����H[SHFWHG�H[FHHGDQFH�VWDQGDUG��

$Q�H[DPLQDWLRQ�RI�WKH�PRQHWL]HG�EHQHILWV�UHSRUWHG�LQ�7DEOH�9,,���LQGLFDWHV�WKDW�PRVW�RI

WKH�EHQHILWV�DFFUXH�IURP�WKH�DWWDLQPHQW�RI�WKH���KU�SULPDU\�VWDQGDUG�DOWHUQDWLYHV�ZLWK�D�VPDOO

LQFUHPHQWDO�LPSURYHPHQW�REWDLQHG�E\�WKH�DGGLWLRQ�RI�D�VHDVRQDO�VHFRQGDU\�VWDQGDUG���7KH

SURMHFWHG�QDWLRQDO�DSSUR[LPDWLRQV�IRU�FRPPRGLW\�FURSV�DQG�IUXLWV�DQG�YHJHWDEOHV�VXJJHVW

EHQHILWV�RQ�WKH�RUGHU�RI���WR�RYHU���ELOOLRQ�GROODUV�IRU�D�QHZ���KRXU�������SSP�SULPDU\

VWDQGDUG�DORQH�RU�LQ�FRPELQDWLRQ�ZLWK�D�VHDVRQDO�VHFRQGDU\�VWDQGDUG���7KH�TXDOLWDWLYH



���

LQIRUPDWLRQ�SUHVHQWHG�LQ�WKH�WDEOH�DOVR�VXJJHVWV�WKDW�WKH�PRQHWL]HG�EHQHILWV�DORQH�XQGHUVWDWH�WKH

SXEOLF�ZHOIDUH�EHQHILWV�REWDLQHG�IURP�WKH�DGRSWLRQ�RI�DQ���KRXU�SULPDU\�VWDQGDUG�DORQH�RU�LQ

FRPELQDWLRQ�ZLWK�D�QHZ�VHDVRQDO�VHFRQGDU\�VWDQGDUG�



���

9,,,���67$))�&21&/86,216�$1'�5(&200(1'$7,216�21�6(&21'$5<
1$$46

7KLV�VHFWLRQ�SURYLGHV�SUHOLPLQDU\�VWDII�FRQFOXVLRQV�DQG�UHFRPPHQGDWLRQV�IRU

FRQVLGHUDWLRQ�E\�WKH�$GPLQLVWUDWRU�LQ�VHOHFWLQJ�D�SROOXWDQW�LQGLFDWRU��DYHUDJLQJ�WLPH��IRUP��DQG

OHYHO�RI�WKH�VHFRQGDU\�2��1$$46���,Q�GHYHORSLQJ�WKHVH�FRQFOXVLRQV�DQG�UHFRPPHQGDWLRQV��WKH

VWDII�KDV�GUDZQ�XSRQ�WKH�VFLHQWLILF�DQG�WHFKQLFDO�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�&'�DQG

VXPPDUL]HG�LQ�WKLV�6WDII�3DSHU���7KH�VWDII�KDV�DWWHPSWHG�WR�LQWHJUDWH�VFLHQWLILF�LQIRUPDWLRQ�RQ

YHJHWDWLRQ�HIIHFWV�RI�2���DVVHVVPHQWV�RI�DLU�TXDOLW\��H[SRVXUH��DQG�WKH�ULVNV�RI�VXFK�HIIHFWV

RFFXUULQJ��DQG�ERWK�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�DVVHVVPHQWV�RI�WKH�EHQHILWV�DVVRFLDWHG�ZLWK

SURWHFWLRQ�RI�FRPPHUFLDO�FURSV��IRUHVW�WUHH�VSHFLHV�DQG�HFRV\VWHPV�LQWR�D�EDVLV�IRU�FRQFOXVLRQV

DQG�UHFRPPHQGDWLRQV�IRU�D�VHFRQGDU\�1$$46�

,Q�DGGLWLRQ�WR�VFLHQWLILF�DQG�WHFKQLFDO�FRQVLGHUDWLRQV��VWDII�KDV�LQFOXGHG�RWKHU��SROLF\�

UHOHYDQW�IDFWRUV��VXFK�DV�WKH�LPSDFW�RI�WKH�SULPDU\�VWDQGDUG�DOWHUQDWLYHV�UHFRPPHQGHG�LQ

VHFWLRQ�9,�(��LQ�RUGHU�WR�SODFH�WKH�VFLHQWLILF�LQIRUPDWLRQ�LQWR�D�SROLF\�IUDPHZRUN�IRU�VWDQGDUG

VHWWLQJ���7KH�VWDII�UHFRJQL]H�WKDW�D�GHFLVLRQ�RQ�WKH�VWDQGDUG�ZLOO�UHTXLUH�D�EOHQGLQJ�RI�VFLHQWLILF

DQG�SROLF\�FRQVLGHUDWLRQV�

$� 3ROOXWDQW�,QGLFDWRU

7KH�VWDII�EHOLHYHV�WKDW�WKH�FRQFOXVLRQV�RQ�WKH�DSSURSULDWH�LQGLFDWRU�IRU�WKH�VHFRQGDU\�2�

1$$46�SUHVHQWHG�LQ�WKH�SUHYLRXV�6WDII�3DSHU��8�6��(3$��������UHPDLQ�YDOLG�WRGD\���$V

LQGLFDWHG�LQ�WKH�SUHYLRXV�6WDII�3DSHU��LW�LV�JHQHUDOO\�UHFRJQL]HG�WKDW�FRQWURO�RI�DPELHQW�2�

OHYHOV�SURYLGHV�WKH�EHVW�PHDQV�RI�FRQWUROOLQJ�SKRWRFKHPLFDO�R[LGDQWV�RI�SRWHQWLDO�ZHOIDUH

FRQFHUQ���)XUWKHU��DPRQJ�WKH�SKRWRFKHPLFDO�R[LGDQWV��WKH�GDWDEDVH�IRU�YHJHWDWLRQ�HIIHFWV�IURP

FRQWUROOHG�H[SRVXUH��ILHOG��DQG�REVHUYDWLRQDO�VLWLQJV�RQO\�UDLVHV�FRQFHUQ�DW�OHYHOV�IRXQG�LQ�WKH

DPELHQW�DLU�IRU�2����7KXV��WKH�VWDII�UHFRPPHQGV�WKDW�2��UHPDLQ�DV�WKH�SROOXWDQW�LQGLFDWRU�IRU

SURWHFWLRQ�RI�SXEOLF�ZHOIDUH�IURP�H[SRVXUH�WR�DOO�SKRWRFKHPLFDO�R[LGDQWV�
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%� $YHUDJLQJ�7LPHV

6WDII�KDV�GUDZQ�XSRQ�WKH�FRQVLGHUDWLRQV�RI�DYHUDJLQJ�WLPHV�GHYHORSHG�GXULQJ�WKH�ODVW�2�

1$$46�UHYLHZ�DV�FRQWH[W�IRU�WKLV�FXUUHQW�UHYLHZ���7KH�UHVHDUFK�UHYLHZHG�LQ�WKH������&'�

�����6WDII�3DSHU��DQG�WKH������6XSSOHPHQW�WR�WKH������&'�PRVW�RIWHQ�XVHG�D���KRXU�VHDVRQDO

PHDQ�WR�UHODWH�DLU�TXDOLW\�WR�SODQW�HIIHFWV����7KLV�LQGH[�ZDV�XVXDOO\�SUHIHUUHG�RYHU�WKH���KRXU

SHDN�GXH�WR�LWV�JUHDWHU�VWDELOLW\�DV�DQ�DLU�TXDOLW\�PHDVXUH���$W�WKH�VDPH�WLPH��KRZHYHU��WKH

OLPLWDWLRQV�RI�ERWK�WKH�FXUUHQW���KRXU�IRUP�RI�WKH�VWDQGDUG�DQG�WKH���KRXU�VHDVRQDO�PHDQ�IRU

UHODWLQJ�DLU�TXDOLW\�WR�REVHUYHG�YHJHWDWLRQ�UHVSRQVH�ZHUH�DOVR�EHFRPLQJ�PRUH�JHQHUDOO\

UHFRJQL]HG�

%DVHG�RQ�WKH�LQIRUPDWLRQ�DYDLODEOH�DW�WKH�WLPH��WKH������63�FRQFOXGHG�WKDW����ORQJ�WHUP

DYHUDJHV��VXFK�DV�WKH���KRXU�VHDVRQDO�PHDQ��PD\�QRW�EH�DGHTXDWH�LQGLFHV�IRU�UHODWLQJ�2�

H[SRVXUH�DQG�SODQW�UHVSRQVH�����UHSHDWHG�SHDN�FRQFHQWUDWLRQV�DFFXPXODWHG�RYHU�WLPH�DUH�WKH

PRVW�FULWLFDO�HOHPHQW�LQ�GHWHUPLQLQJ�SODQW�UHVSRQVH�IRU�DJULFXOWXUDO�FURSV��DQG�WKHUHIRUH

H[SRVXUH�LQGLFHV�ZKLFK�HPSKDVL]H�SHDN�FRQFHQWUDWLRQV�DQG�DFFXPXODWH�FRQFHQWUDWLRQV�RYHU

WLPH�SUREDEO\�SURYLGH�WKH�EHVW�ELRORJLFDO�EDVLV�IRU�VWDQGDUG�VHWWLQJ��DQG����WKHUH�LV�FXUUHQWO\�D

ODFN�RI�H[SRVXUH�UHVSRQVH�LQIRUPDWLRQ�RQ�IRUHVW�WUHH�HIIHFWV�DV�ZHOO�DV�QR�FRQVHQVXV�RQ�WKH

PRVW�LPSRUWDQW�DYHUDJLQJ�WLPH�IRU�SHUHQQLDOV���$W�WKDW�WLPH��WKH�DQDO\VHV�DYDLODEOH�RQ

FXPXODWLYH��SHDN�ZHLJKWHG�LQGLFHV�ZDV�FRQVLGHUHG�SUHOLPLQDU\�

$V�WKH�EDVLV�IRU�WKH�FXUUHQW�UHYLHZ��WKH�LQIRUPDWLRQ�LQ�WKH������&'�EXLOGV�RQ�WKDW

KLVWRU\�DQG�VXSSRUWV�WKH�HDUOLHU�ILQGLQJV���0DQ\�RI�WKH�PRVW�UHFHQW�VWXGLHV�KDYH�VSHFLILFDOO\

VHOHFWHG�H[SRVXUH�LQGLFHV�WKDW�WDNH�LQWR�DFFRXQW�FXPXODWLYH�LPSDFW�RI�HIIHFWV�WKURXJKRXW�WKH

JURZLQJ�VHDVRQ�ZKHQ�PHDVXULQJ�JURZWK�DQG�\LHOG�LPSDFWV����7KRXJK�WKHVH�VWXGLHV�VWLOO�VXSSRUW

WKH�DERYH�ILQGLQJV��WKHUH�LV�JURZLQJ�HYLGHQFH�WKDW�RWKHU�DVSHFWV�RI�H[SRVXUH�VXFK�DV�WKH�WLPLQJ

RI�SHDNV��SUHGLVSRVLWLRQ�HIIHFWV��DQG�WKH�OHQJWK�RI�UHVSLWH�WLPHV�EHWZHHQ�SHDN�H[SRVXUHV�DOVR

SOD\�D�UROH�LQ�GHWHUPLQLQJ�SODQW�UHVSRQVH���,QVXIILFLHQW�LQIRUPDWLRQ�H[LVWV�DW�WKLV�WLPH�WR

LQFRUSRUDWH�WKHVH�IHDWXUHV�LQWR�DQ�DSSURSULDWH�DYHUDJLQJ�WLPH�IRU�D�VHFRQGDU\�VWDQGDUG��EXW�PD\

EHFRPH�LPSRUWDQW�UHILQHPHQWV�LQ�WKH�IXWXUH�

%DVHG�RQ�WKH�LQIRUPDWLRQ�SUHVHQWHG�LQ�6HFWLRQ�9,,�DQG�WKH�DERYH�FRQVLGHUDWLRQV��WKH

VWDII�FRQWLQXHV�WR�EHOLHYH�WKDW�WKH�VHOHFWLRQ�RI�DQ�DSSURSULDWH�DYHUDJLQJ�WLPH�VKRXOG�WDNH�LQWR

DFFRXQW�WKH�FXPXODWLYH�LPSDFW�IURP�UHSHDWHG�SHDNV�RYHU�DQ�HQWLUH�JURZLQJ�VHDVRQ���7KH�VWDII
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QRWHV�WKDW�WKHUH�LV�VLJQLILFDQW�YDULDELOLW\�LQ�JURZWK�SDWWHUQV�DQG�OHQJWKV�RI�JURZLQJ�VHDVRQV

DPRQJ�WKH�ZLGH�UDQJH�RI�YHJHWDWLRQ�VSHFLHV�WKDW�PD\�H[SHULHQFH�DGYHUVH�HIIHFWV�DVVRFLDWHG�ZLWK

2��H[SRVXUH��VXFK�WKDW�WKH�VHOHFWLRQ�RI�DQ\�VLQJOH�DYHUDJLQJ�WLPH�IRU�D�QDWLRQDO�VWDQGDUG�ZLOO

QHFHVVDULO\�EH�D�FRPSURPLVH�UHODWLYH�WR�WKH�UDQJH�RI�JURZLQJ�VHDVRQV�IRU�DOO�YHJHWDWLRQ�VSHFLHV

RI�FRQFHUQ���%DVHG�RQ�WKH�LQIRUPDWLRQ�LQ�WKH�&'�DQG�LQ�6HFWLRQ�9,,�'��VWDII�FRQFOXGHV�WKDW�WKH

PD[LPXP�FRQVHFXWLYH�WKUHH�PRQWKV�LV�D�UHDVRQDEOH�FRPSURPLVH�DPRQJ�WKH�YDULRXV�SHULRGV�RI

SODQW�VHQVLWLYLW\�WR�2��LGHQWLILHG�E\�YHJHWDWLRQ�HIIHFWV�UHVHDUFKHUV���,Q�PRVW�FDVHV�WKLV�PD[LPXP

WKUHH�PRQWK�DYHUDJLQJ�WLPH�ZRXOG�PRVW�OLNHO\�FRYHU�WKH�SHULRGV�RI�JUHDWHVW�SODQW�VHQVLWLYLW\�

$QRWKHU�IHDWXUH�UHODWHG�WR�VSHFLI\LQJ�DQ�DYHUDJLQJ�WLPH�LV�WKH�GLXUQDO�ZLQGRZ��L�H���WKH

KRXUV�GXULQJ�WKH�GD\��RYHU�ZKLFK�FRQFHQWUDWLRQV�DUH�FXPXODWHG�LQ�FRPSXWLQJ�D�VHDVRQDO�LQGH[�

�:KLOH�VWXGLHV�KDYH�VKRZQ�WKDW�E\�LQFUHDVLQJ�WKH�GLXUQDO�ZLQGRZ�IURP���WR����RU����KRXUV�WKH

LQGH[�FDSWXUHV�PRUH�RI�WKH�SHDN�2��FRQFHQWUDWLRQV�WKDW�RFFXU�LQ�VRPH�HQYLURQPHQWV��WKH

DVVRFLDWHG�UHGXFWLRQV�LQ�JURZWK�RU�\LHOG�DQG�LQFUHDVHV�LQ�IROLDU�LQMXU\�KDYH�QRW�EHHQ�VHHQ�WR

LQFUHDVH�SURSRUWLRQDOO\�ZLWK�LQFUHDVLQJ�GLXUQDO�SHULRG���7KLV�REVHUYDWLRQ�LV�FRQVLVWHQW�ZLWK�WKH

IDFW�WKDW�JURZWK�DQG�\LHOG�UHGXFWLRQV�DUH�LQ�ODUJH�SDUW�WKH�UHVXOW�RI�GHFUHDVHV�LQ�FDUERK\GUDWH

SURGXFWLRQ�WKURXJK�SKRWRV\QWKHVLV�ZKLFK�RQO\�RFFXUV�GXULQJ�GD\OLJKW�KRXUV���%HFDXVH

SKRWRV\QWKHVLV�RFFXUV�RQO\�GXULQJ�GD\OLJKW�KRXUV��DQG�WKH�PDMRULW\�RI�SODQWV��DOWKRXJK�QRW�DOO�

KDYH�VLJQLILFDQWO\�UHGXFHG�VWRPDWDO�FRQGXFWDQFH�DW�QLJKW��WKH�VWDII�EHOLHYH�WKDW�WKH�SRWHQWLDO�IRU

VLJQLILFDQW�LPSDFWV�IURP�QLJKWWLPH�2��H[SRVXUHV�LV�YHU\�ORZ�

,Q�FRQVLGHULQJ�WKLV�DVSHFW�RI�DYHUDJLQJ�WLPH��WKH�VWDII�KDV�WDNHQ�LQWR�DFFRXQW�VWXGLHV�WKDW

KDYH�HYDOXDWHG�WKH�DVVRFLDWLRQ�EHWZHHQ�YDULRXV�GLXUQDO�ZLQGRZV�DQG�YHJHWDWLRQ�UHVSRQVHV�

LQIRUPDWLRQ�DERXW�GLXUQDO�SDWWHUQV�LQ�VWRPDWDO�FRQGXFWDQFH�DQG�DLU�TXDOLW\�FRQFHQWUDWLRQV��DQG

FRQVLGHUDWLRQ�RI�WKH�UHODWLYH�LPSRUWDQFH�RI�SKRWRV\QWKHWLF�HIIHFWV���%DVHG�RQ�WKHVH

FRQVLGHUDWLRQV��WKH�VWDII�FRQFOXGHV�WKDW�D����KU�GLXUQDO�ZLQGRZ��LQFOXGLQJ�WKH�GD\OLJKW�KRXUV

IURP�����DP�WR�����SP��LV�DQ�DSSURSULDWH�GLXUQDO�ZLQGRZ�WR�XVH�DV�D�EDVLV�IRU�D�QDWLRQDO�DLU

TXDOLW\�VWDQGDUG�GHVLJQHG�WR�SURWHFW�D�ZLGH�UDQJH�RI�YHJHWDWLRQ�JURZLQJ�LQ�HQYLURQPHQWDO

FRQGLWLRQV�IRXQG�DFURVV�WKH�8�6�

&� )RUP�RI�WKH�6WDQGDUG

'HILQLQJ�D�PDWKHPDWLFDO�UHODWLRQVKLS�EHWZHHQ�YHJHWDWLRQ�UHVSRQVH�DQG�2��H[SRVXUH�LV

VLJQLILFDQWO\�FRPSOLFDWHG�E\�WKH�PDQ\�YDULDEOHV�WKDW�LQIOXHQFH�WKH�XSWDNH�RI�2��E\�WKH�SODQW�RQ
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DQ\�JLYHQ�GD\�DW�DQ\�JLYHQ�KRXU���,Q�VSLWH�RI�WKH�ODUJH�QXPEHU�RI�VWXGLHV�WKDW�KDYH�EHHQ

FRQGXFWHG�WR�HYDOXDWH�HIIHFWV�RQ�YHJHWDWLRQ�DVVRFLDWHG�ZLWK�H[SRVXUH�WR�2���RQO\�D�IHZ�VWXGLHV

KDYH�EHHQ�FRQGXFWHG�WKDW�FDQ�EH�XVHG�GLUHFWO\�WR�HYDOXDWH�WKH�GLIIHUHQWLDO�HIIHFWV�RI�VSHFLILF

UDQJHV�RU�SDWWHUQV�RI�2��FRQFHQWUDWLRQV�RQ�SODQW�UHVSRQVHV�

2Q�WKH�EDVLV�RI�VWDWLVWLFDO�UHDQDO\VHV�RI�WKH�1&/$1�GDWD��ZKLFK�XVHG�H[SRVXUH�UHJLPHV

ZLWK�QXPHURXV�KLJK�SHDNV��WR�LGHQWLI\�H[SRVXUH�LQGLFHV�WKDW�EHVW�FDSWXUHG�WKH�UHODWLRQVKLS

EHWZHHQ�2��FRQFHQWUDWLRQ�DQG�FURS�UHVSRQVHV��VHYHUDO�VWXGLHV�FRQFOXGHG�WKDW�WKH�FXPXODWLYH

LQGLFHV�WKDW�ZHLJKWHG�SHDN�FRQFHQWUDWLRQV�SURSRUWLRQDWHO\�PRUH�WKDQ�PLG�UDQJH�FRQFHQWUDWLRQV

ZHUH�PRVW�HIIHFWLYH���2WKHU�VWXGLHV�WKDW�HPSOR\HG�H[SRVXUH�UHJLPHV�VLPLODU�WR�1&/$1

�QXPHURXV�KLJK�SHDNV���RU�HQFRXQWHUHG�WKHP�LQ�REVHUYDWLRQDO�ILHOG�VWXGLHV��KDYH�W\SLFDOO\

REVHUYHG�D�VLPLODU�UHODWLRQVKLS�EHWZHHQ�KLJK�QXPEHUV�RI�SHDN�FRQFHQWUDWLRQV�DQG�WKH�SUHVHQFH

RI�IROLDU�LQMXU\�DQG�RU�JURZWK�RU�\LHOG�UHGXFWLRQ���2Q�WKH�RWKHU�KDQG��HIIHFWV�KDYH�EHHQ

UHSRUWHG�IRU�D�YDULHW\�RI�SODQW�VSHFLHV�ZKHQ�FRQFHQWUDWLRQV�QHYHU�H[FHHGHG�WKRVH�FRQVLGHUHG

PLG�UDQJH�������WR������SSP���

6LQFH�SODQW�UHVSRQVH�WR�2��H[SRVXUH�GHSHQGV�RQ�D�PXOWLWXGH�RI�RWKHU�IDFWRUV�FRQWUROOLQJ

VWRPDWDO�FRQGXFWDQFH�DQG�RWKHU�UHJXODWRUV�RI�SODQW�VHQVLWLYLW\��LW�LV�FOHDU�WKDW�WKH�UHODWLYH

LPSRUWDQFH�RI�SHDN�DQG�PLG�UDQJH�FRQFHQWUDWLRQV�LQ�SUHGLFWLQJ�SODQW�UHVSRQVH�GHSHQGV�RQ

WLPLQJ����$W�SUHVHQW�LW�FDQ�EHVW�EH�VDLG�WKDW�QR�RQH�FRQFHQWUDWLRQ�ZHLJKWHG�H[SRVXUH�LQGH[�EHVW

DFFRXQWV�IRU�WKH�FRPSOH[�UHODWLRQVKLSV�EHWZHHQ�2��FRQFHQWUDWLRQV�DQG�SODQW�UHVSRQVHV�DFURVV�D

ZLGH�UDQJH�RI�VSHFLHV���,W�LV�XQOLNHO\�WKDW�WKLV�LVVXH�ZLOO�EH�UHVROYHG�XQWLO�QHZ�VWXGLHV�DUH

GHVLJQHG�DQG�FRQGXFWHG��RU�QHZ�LQYHVWLJDWLYH�DSSURDFKHV�DUH�XVHG��WR�H[SOLFLWO\�HYDOXDWH�WKH

UHODWLYH�LPSRUWDQFH�RI�YDULRXV�2��FRQFHQWUDWLRQV�LQ�SURGXFLQJ�HIIHFWV�DFURVV�D�UDQJH�RI�VSHFLHV

LQ�D�YDULHW\�RI�HQYLURQPHQWV�

,Q�OLJKW�RI�WKHVH�XQUHVROYHG�LVVXHV��DQG�EDVHG�RQ�WKH�ELRORJLFDO�HIIHFWV�LQIRUPDWLRQ

GHVFULEHG�LQ�WKH�&'�DQG�VXPPDUL]HG�LQ�6HFWLRQ�9,,��WKH�VWDII�GUDZV�WKH�IROORZLQJ�FRQFOXVLRQV�

7KH�VWDII�FRQFOXGHV�WKDW�SHDN�2��FRQFHQWUDWLRQV�OHVV�WKDQ������SSP�EXW�!������SSP

FDQ�EH�SK\WRWR[LF�WR�D�ODUJH�QXPEHU�RI�SODQW�VSHFLHV��DQG�FDQ�SURGXFH�DFXWH�IROLDU

LQMXU\�UHVSRQVHV��FURS�\LHOG�ORVV�DQG�UHGXFHG�ELRPDVV�SURGXFWLRQ���7KXV��VWDII�IXUWKHU

FRQFOXGHV�WKDW�WKH�FXUUHQW�VHFRQGDU\�VWDQGDUG��ZKLFK�RQO\�OLPLWV���KRXU�SHDN

FRQFHQWUDWLRQV�!������SSP��LV�QRW�DGHTXDWHO\�SURWHFWLYH�RI�YHJHWDWLRQ�
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3HDN�2��FRQFHQWUDWLRQV�!������SSP�UHVXOW�IURP�DQWKURSRJHQLF�HPLVVLRQV�RI�12[�DQG�92&V

FRPELQHG�ZLWK�FRQGXFLYH�PHWHRURORJ\��HLWKHU�IURP�HPLVVLRQ�VRXUFHV�ZLWKLQ�DQ�DUHD�RU�IURP

ORQJ�UDQJH�WUDQVSRUW�IURP�GLVWDQW�XUEDQ�FHQWHUV��DQG�DUH�QRW�DWWULEXWDEOH�WR�EDFNJURXQG

VRXUFHV�

7KH�VWDII�DOVR�FRQFOXGHV�WKDW�PLG�UDQJH�2��FRQFHQWUDWLRQV�������WR������SSP��KDYH�WKH

SRWHQWLDO�RYHU�D�ORQJHU�GXUDWLRQ�RI�FUHDWLQJ�FKURQLF�VWUHVVHV�RQ�YHJHWDWLRQ�WKDW�FDQ�OHDG

WR�HIIHFWV�RI�FRQFHUQ�VXFK�DV�UHGXFHG�SODQW�JURZWK�DQG�\LHOG��VKLIWV�LQ�FRPSHWLWLYH

DGYDQWDJHV�LQ�PL[HG�SRSXODWLRQV��DQG�GHFUHDVHG�YLJRU�OHDGLQJ�WR�GLPLQLVKHG�UHVLVWDQFH

WR�SHVWV��SDWKRJHQV��DQG�LQMXU\�IURP�RWKHU�HQYLURQPHQWDO�VWUHVVHV���)XUWKHUPRUH��VRPH

VHQVLWLYH�VSHFLHV�FDQ�H[SHULHQFH�IROLDU�LQMXU\�DQG�JURZWK�DQG�\LHOG�HIIHFWV�HYHQ�ZKHQ

FRQFHQWUDWLRQV�QHYHU�JHW�DERYH�WKH�XSSHU�HQG�RI�WKLV�UDQJH�

7KRXJK�FRQFHQWUDWLRQV�LQ�WKH�XSSHU�PLG�UDQJH�DOVR�JHQHUDOO\�UHVXOW�IURP�DQWKURSRJHQLF

HPLVVLRQV�LQ�FRPELQDWLRQ�ZLWK�DSSURSULDWH�PHWHRURORJ\��LW�LV�XQFOHDU�WR�ZKDW�H[WHQW

FRQFHQWUDWLRQV�LQ�WKH�ORZHU�PLG�UDQJH�UHVXOW�IURP�RU�DUH�VLJQLILFDQWO\�LQIOXHQFHG�E\

EDFNJURXQG�VRXUFHV�RI�12[�DQG�92&V��DQG��WKXV��ZRXOG�EH�PRUH�DSSURSULDWHO\�UHJDUGHG�DV�WKH

QDWXUDO�HQYLURQPHQWDO�JURZLQJ�FRQGLWLRQV�IRU�YHJHWDWLRQ�LQ�VRPH�DUHDV�

7KH�VWDII�UHFRJQL]HV�WKDW�FRQFHQWUDWLRQV�EHORZ������SSP�DUH�HVWLPDWHG�WR�EH�ZLWKLQ�WKH

UDQJH�RI�EDFNJURXQG�2��FRQFHQWUDWLRQV�LQ�WKH�8�6���DOWKRXJK�D�IHZ�VWXGLHV�KDYH

UHSRUWHG�JURZWK�RU�\LHOG�HIIHFWV�LQ�VHQVLWLYH�VSHFLHV�DW�RU�EHORZ������SSP�

)RU�H[DPSOH��DW�VHD�OHYHO��DQQXDO�DYHUDJH�EDFNJURXQG�YDOXHV�DUH�HVWLPDWHG�WR�EH�EHWZHHQ�����

DQG�������SSP��ZLWK�SHUVLVWHQW�DQG�HSLVRGLF�QDWXUDO�VRXUFHV�FRQWULEXWLQJ�WR�EDFNJURXQG�KRXUO\

2��FRQFHQWUDWLRQV�LQ�WKH�UDQJH�RI�������������SSP���)XUWKHU��SUHGLFWLYH�DLU�TXDOLW\�PRGHOV�GR

QRW�FXUUHQWO\�KDYH�WKH�FDSDELOLW\�WR�VLPXODWH�WKH�DLU�TXDOLW\�FRQGLWLRQV�WKDW�DUH�W\SLFDOO\�UHODWHG

WR�2��FRQFHQWUDWLRQV�LQ�WKLV�UDQJH�
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:LWK�UHJDUG�WR�WKH�WKUHH�VSHFLILF�FXPXODWLYH��SHDN�ZHLJKWHG�H[SRVXUH�LQGLFHV�WKDW�VWDII

KDV�IRFXVHG�RQ�LQ�WKLV�UHYLHZ��:�����$27����DQG�680����DOO�WKUHH�LQGLFHV�ZHUH�DERXW

HTXDOO\�JRRG�DV�H[SRVXUH�PHDVXUHV�WR�SUHGLFW�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�UHSRUWHG�LQ�WKH

1&/$1�FURS�VWXGLHV���6LQFH�VFLHQFH�LV�FXUUHQWO\�XQDEOH�WR�SURYLGH�D�EDVLV�IRU�VHOHFWLQJ�RQH

IRUP�IURP�WKH�RWKHU��WKH�VWDII�UHFRPPHQG�WKDW�WKH�$GPLQLVWUDWRU�WDNH�LQWR�DFFRXQW�DGGLWLRQDO

SROLF\�FRQVLGHUDWLRQV�LQ�FRPSDULQJ�WKHVH�LQGLFHV�IRU�XVH�DV�WKH�EDVLV�RI�D�QDWLRQDO�VWDQGDUG���

7KH�VWDII�GUDZV�WKH�IROORZLQJ�FRQFOXVLRQV�LQ�FRPSDULQJ�WKHVH�LQGLFHV��EDVHG�RQ�WKH�LQIRUPDWLRQ

LQ�6HFWLRQV�,9�DQG�9,,�DQG�EXLOGLQJ�RQ�WKH�JHQHUDO�FRQFOXVLRQV�OLVWHG�DERYH�

7KH�:����H[SRVXUH�LQGH[�LQFRUSRUDWHV�D�ZHLJKWLQJ�IXQFWLRQ�ZKLFK�JLYHV�LQFUHDVLQJ

YDOXH�WR�DOO�FRQFHQWUDWLRQV�EHWZHHQ������SSP�DQG������SSP��ZLWK�D�ZHLJKW�RI���DSSOLHG

WR�DOO�FRQFHQWUDWLRQV�!������SSP���7KH�VWDII�FRQFOXGHV�WKDW�WKHUH�LV�LQVXIILFLHQW

HYLGHQFH�DW�WKLV�WLPH�WR�MXGJH�WKH�ELRORJLFDO�UHOHYDQFH�RI�WKLV�ZHLJKWLQJ�IXQFWLRQ�

HVSHFLDOO\�DW�WKH�ORZHU�FRQFHQWUDWLRQV���)XUWKHU��VWDII�REVHUYHV�WKDW�FRQFHQWUDWLRQV

EHORZ������SSP��DUH�ZLWKLQ�WKH�UDQJH�RI�EDFNJURXQG�2��FRQFHQWUDWLRQV���7KXV��VWDII

FRQFOXGHV�WKDW�WKH�:����LQGH[�LV�QRW�WKH�SUHIHUUHG�LQGH[�IRUP�IRU�XVH�LQ�HVWDEOLVKLQJ�D

QDWLRQDO�VWDQGDUG�ZKLFK�LV�LQWHQGHG�WR�SURYLGH�DQ�DSSURSULDWH�DWWDLQPHQW�WDUJHW�IRU�DLU

TXDOLW\�PDQDJHPHQW�SURJUDPV�GHVLJQHG�WR�UHGXFH�DQWKURSRJHQLF�VRXUFHV�FRQWULEXWLQJ�WR

2��IRUPDWLRQ�

7KH�$27���IRUP�HTXDOO\�ZHLJKWV�WKH�GLIIHUHQFH�EHWZHHQ�DOO�FRQFHQWUDWLRQV�DERYH�����

SSP�DQG�WKH�ORZHU�ERXQGDU\�FRQFHQWUDWLRQ�RI������SSP����7KRXJK�WKHUH�LV�QR�ELRORJLFDO

HYLGHQFH�RI�DQ�HIIHFWV�WKUHVKROG��WKLV�LQGH[�ZLOO�QRW�EH�LQIOXHQFHG�E\�EDFNJURXQG�2�

FRQFHQWUDWLRQV�DQG�FRQFHQWUDWLRQV�QHDU������SSP�ZLOO�FRQWULEXWH�RQO\�D�UHODWLYHO\�VPDOO

SURSRUWLRQ�RI�WKH�WRWDO�LQGH[�YDOXH�XQGHU�PDQ\�W\SLFDO�DLU�TXDOLW\�GLVWULEXWLRQV���7KH

IXQFWLRQDO�IRUP�RI�WKLV�LQGH[�LQKHUHQWO\�UHVXOWV�LQ�WKH�XSSHU�PLG�UDQJH�DQG�SHDN

FRQFHQWUDWLRQV�FRQWULEXWLQJ�SURSRUWLRQDWHO\�PRUH�WR�WKH�VHDVRQDO�YDOXH�RI�LQGH[�WKDQ�IRU

HLWKHU�RI�WKH�RWKHU�WZR�LQGLFHV���+RZHYHU��SUHFLVHO\�EHFDXVH�RI�LWV�SURSRUWLRQDWHO\

JUHDWHU�LQIOXHQFH�E\�SHDN�FRQFHQWUDWLRQV��WKLV�IRUP�LV�VRPHZKDW�FORVHU�WR�WKH�SHDN

IRUPV�RI�WKH�DOWHUQDWLYH�SULPDU\�VWDQGDUGV�UHFRPPHQGHG�LQ�6HFWLRQ�9,��DQG��WKXV�

ZRXOG�EH�PRUH�OLNHO\�WR�EH�GXSOLFDWLYH�RI�WKH�SURWHFWLRQ�DIIRUGHG�E\�DQ\�RI�WKH

UHFRPPHQGHG�DOWHUQDWLYH�SULPDU\�VWDQGDUGV��ZKLOH�EHLQJ�UHODWLYHO\�OHVV�UHVSRQVLYH�WR
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WKRVH�PLG�UDQJH�FRQFHQWUDWLRQV�ZKLFK�KDYH�DOVR�EHHQ�VKRZQ�WR�LQIOXHQFH�YHJHWDWLYH

GDPDJH���7KXV��WKH�VWDII�FRQFOXGH�WKDW�$27���LV�QRW�WKH�SUHIHUUHG�LQGH[�

7KH�680���IRUP��OLNH�WKH�$27����LQFRUSRUDWHV�PLG�UDQJH�DQG�SHDN�FRQFHQWUDWLRQV

DERYH�WKH�ORZHU�ERXQGDU\�RI������SSP���,Q�FRQWUDVW�WR�WKH�$27���LQGH[��KRZHYHU�

EHFDXVH�LW�FXPXODWHV�WKH�IXOO�YDOXH�RI�DOO�FRQFHQWUDWLRQV�DERYH������SSP��WKH�VHDVRQDO

YDOXH�RI�WKH�LQGH[�LV�PRUH�VWURQJO\�LQIOXHQFHG�E\�WKH�PLG�UDQJH�FRQFHQWUDWLRQV�MXVW�DW

DQG�DERYH������SSP���7KLV�ZRXOG�OLNHO\�UHVXOW�LQ�OHVV�GXSOLFDWLYH�SURWHFWLRQ�IURP�WKDW

DIIRUGHG�E\�WKH�UHFRPPHQGHG�DOWHUQDWLYH�SULPDU\�VWDQGDUGV���$OVR��WKLV�LQGH[�ZLOO�QRW

EH�LQIOXHQFHG�E\�EDFNJURXQG�2��FRQFHQWUDWLRQV�XQGHU�PDQ\�W\SLFDO�DLU�TXDOLW\

GLVWULEXWLRQV��LQ�FRQWUDVW�WR�WKH�:����LQGH[�����7KXV��WKH�VWDII�FRQFOXGHV�WKDW��ZKLOH

WKHUH�LV�QR�ELRORJLFDO�HYLGHQFH�RI�DQ�HIIHFWV�WKUHVKROG��WKH�680���LQGH[�KDV�EHHQ

VKRZQ�WR�DGHTXDWHO\�UHODWH�2��H[SRVXUHV�WR�SODQW�UHVSRQVH��DQG�KDV�VHYHUDO�SROLF\�

UHOHYDQW�DGYDQWDJHV�RYHU�ERWK�WKH�$27���DQG�WKH�:����DV�D�EDVLV�IRU�WKH�IRUP�RI�D

VHFRQGDU\�VWDQGDUG�

)XUWKHU��WKH�VWDII�UHFRJQL]HV�WKDW�DQ\�RI�WKH�UHFRPPHQGHG�DOWHUQDWLYH�SULPDU\

VWDQGDUGV��ZKHQ�DWWDLQHG�DW�DOO�ORFDWLRQV��ZRXOG�KDYH�WKH�HIIHFW�RI�ORZHULQJ�QRW�RQO\�WKH�SHDN

2��FRQFHQWUDWLRQV��EXW�DOVR��LQ�VRPH�IDVKLRQ��WKH�HQWLUH�DLU�TXDOLW\�GLVWULEXWLRQ���7KXV��WDNLQJ

LQWR�DFFRXQW�WKH�DERYH�REVHUYDWLRQV�DQG�FRQFOXVLRQV��WKH�VWDII�IXUWKHU�FRQFOXGHV�WKDW�WKH

680���LQGH[�ZRXOG�OLNHO\�SURYLGH�D�EHWWHU�FRPSOHPHQW�WR�DQ\�RI�WKH�DOWHUQDWLYH�SULPDU\

VWDQGDUGV��E\�EHWWHU�DFFRXQWLQJ�IRU�WKH�YHJHWDWLRQ�HIIHFWV�DVVRFLDWHG�ZLWK�H[SRVXUHV�ZLWKLQ�WKH

PLG�UDQJH�FRQFHQWUDWLRQV��ZLWKRXW�EHLQJ�LQIOXHQFHG�E\�EDFNJURXQG�2��FRQFHQWUDWLRQV�
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'� /HYHO�RI�WKH�6WDQGDUG

7KH�OHYHO�DW�ZKLFK�D�VHDVRQDO�VHFRQGDU\�VWDQGDUG�VKRXOG�EH�VHW�GHSHQGV�RQ�SROLF\

MXGJPHQWV�E\�WKH�$GPLQLVWUDWRU�DV�WR�WKH�OHYHO�RI�DLU�TXDOLW\�WKH�DWWDLQPHQW�DQG�PDLQWHQDQFH�RI

ZKLFK�LV�UHTXLVLWH�WR�SURWHFW�WKH�SXEOLF�ZHOIDUH�IURP�DQ\�NQRZQ�RU�DQWLFLSDWHG�DGYHUVH�HIIHFWV

DVVRFLDWHG�ZLWK�WKH�SROOXWDQW�LQ�WKH�DPELHQW�DLU���$PRQJ�WKH�UDQJH�RI�YHJHWDWLRQ�HIIHFWV�RI

FRQFHUQ��VRPH�DUH�TXDQWLILDEOH��HLWKHU�HFRQRPLFDOO\�RU�QRQ�HFRQRPLFDOO\��ZKLOH�PDQ\�FDQ�VWLOO

RQO\�EH�GLVFXVVHG�TXDOLWDWLYHO\���7KH�IROORZLQJ�FRQFOXVLRQV�DUH�EDVHG�RQ�FRQVLGHUDWLRQ�RI�WKH

TXDQWLWDWLYH�HFRQRPLF�EHQHILWV�DVVRFLDWHG�ZLWK�SURWHFWLRQ�RI�DJULFXOWXUDO�FRPPRGLW\�FURSV�DQG

&DOLIRUQLD�IUXLWV�DQG�YHJHWDEOHV���$GGLWLRQDOO\��FRQVLGHUDWLRQ�LV�JLYHQ�WR�EHQHILWV�GHULYHG�IURP

SURWHFWLRQ�RI�WUHH�VHHGOLQJV�DQG�FRPPHUFLDO��&ODVV�,��DQG�RWKHU�IRUHVWHG�DUHDV�LQ�XUEDQ��UXUDO�

DQG�UHPRWH�HQYLURQPHQWV��DV�ZHOO�DV�SRWHQWLDO�LPSDFWV�RQ�IRUHVWHG�HFRV\VWHPV�

%DVHG�RQ�VWXGLHV�RI�DJULFXOWXUDO�FURSV��DV�SUHVHQWHG�LQ�6HFWLRQ�9,,�)��D�VLJQLILFDQW

GHJUHH�RI�YHJHWDWLRQ�SURWHFWLRQ�LV�HVWLPDWHG�WR�EH�DIIRUGHG�E\�WKH�UHFRPPHQGHG�DOWHUQDWLYH

SULPDU\�VWDQGDUGV��UDQJLQJ��IRU�H[DPSOH��IURP�URXJKO\����ELOOLRQ�WR�RYHU����ELOOLRQ�DQQXDOO\

IRU�FRPPRGLW\�FURSV�DQG�IUXLWV�DQG�YHJHWDEOHV�IRU�WKH���KRXU�������SSP�DOWHUQDWLYHV��

$GGLWLRQDO�SURWHFWLRQ�IURP�DOWHUQDWLYH�VHFRQGDU\�VWDQGDUGV�EH\RQG�WKDW�HVWLPDWHG�IRU�WKH

DOWHUQDWLYH�SULPDU\�VWDQGDUGV�LV�JHQHUDOO\�HVWLPDWHG�WR�EH�UHODWLYHO\�VPDOO��ZLWK�WKH�GHJUHH�RI

LQFUHPHQWDO�SURWHFWLRQ�GHFUHDVLQJ�DV�WKH�VWULQJHQF\�RI�WKH�DOWHUQDWLYH�SULPDU\�VWDQGDUGV

LQFUHDVH���)XUWKHU��RI�FRXUVH��WKLV�LQFUHPHQWDO�SURWHFWLRQ�YDULHV�ZLWK�WKH�VWULQJHQF\�RI�WKH

DOWHUQDWLYH�VHFRQGDU\�VWDQGDUGV��UDQJLQJ�WR�FORVH�WR�]HUR�LQ�PDQ\�FDVHV�HVSHFLDOO\�IRU�WKH�OHDVW

VWULQJHQW�DOWHUQDWLYH�FRQVLGHUHG���7KXV��VWDII�FRQFOXGHV�WKDW��ZKHQ�FRQVLGHUHG�LQ�FRQMXQFWLRQ

ZLWK�WKH�SURWHFWLRQ�SURYLGHG�E\�ERWK�SULPDU\�DQG�VHFRQGDU\�VWDQGDUGV��FRQVLGHUDWLRQ�RI�WKH

OHYHO�IRU�D�VHFRQGDU\�VWDQGDUG�VKRXOG�IRFXV�RQ�WKH�PRUH�VWULQJHQW�DOWHUQDWLYHV�ZKHUH�VRPH

GHJUHH�RI�LQFUHPHQWDO�SURWHFWLRQ�ZRXOG�PRUH�OLNHO\�EH�H[SHFWHG�

0RUH�VSHFLILFDOO\��VWDII�FRQFOXGHV�WKDW�D�VHFRQGDU\�VWDQGDUG�ZLWK�D���PRQWK�����KRXU�

680���IRUP��VHW�DW�D�OHYHO�ZLWKLQ�WKH�UDQJH�RI�DSSUR[LPDWHO\���������SSP�KU��FRUUHVSRQGLQJ

WR�WKH�����DQG�����\LHOG�ORVV�SURWHFWLRQ�OHYHOV�IRU�����RI�WKH�1&/$1�FURSV��UHVSHFWLYHO\��

ZRXOG�SURYLGH�VXEVWDQWLDO�SURWHFWLRQ�DJDLQVW�YHJHWDWLRQ�HIIHFWV���7KRXJK�WKHVH�OHYHOV�ZRXOG�QRW

EH�H[SHFWHG�WR�SURWHFW�WKH�PRVW�VHQVLWLYH�VSHFLHV�RU�LQGLYLGXDOV�ZLWKLQ�D�VSHFLHV��ZKHQ

FRQVLGHUHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�UHFRPPHQGHG�DOWHUQDWLYH�SULPDU\�VWDQGDUGV��VXFK�D
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VHFRQGDU\�VWDQGDUG�ZRXOG�EH�H[SHFWHG�WR�SURYLGH�VRPH�GHJUHH�RI�LQFUHPHQWDO�SURWHFWLRQ

EH\RQG�WKDW�SURYLGHG�E\�UHFRPPHQGHG�DOWHUQDWLYH�SULPDU\�VWDQGDUGV���$OWKRXJK�VWDII�MXGJHV

WKDW�WKLV�GHJUHH�RI�LQFUHPHQWDO�SURWHFWLRQ�PD\�EH�VPDOO�DW�WKH�QDWLRQDO�OHYHO��VWDII�EHOLHYHV�WKDW

LW�FRXOG�EH�SRWHQWLDOO\�VLJQLILFDQW�DW�UHJLRQDO�RU�ORFDO�OHYHOV�

,Q�DGGLWLRQ�WR�WKH�PRUH�H[WHQVLYHO\�VWXGLHG�HIIHFWV�DVVRFLDWHG�ZLWK�2��H[SRVXUH�VXFK�DV

YLVLEOH�IROLDU�LQMXU\�DQG�GHFUHDVHG�JURZWK�RU�\LHOG�LQ�VKRUW�OLYHG�VSHFLHV��WKH�DYDLODEOH

LQIRUPDWLRQ�IXUWKHU�SRLQWV�WR�PRUH�VXEWOH�LPSDFWV�RI�2��DFWLQJ�LQ�V\QHUJ\�ZLWK�RWKHU�QDWXUDO

DQG�PDQ�PDGH�VWUHVVRUV�WR�DGYHUVHO\�DIIHFW�LQGLYLGXDO�SODQWV��SRSXODWLRQV�DQG�ZKROH�V\VWHPV��

%\�GLVUXSWLQJ�WKH�SKRWRV\QWKHWLF�SURFHVV��GHFUHDVLQJ�FDUERK\GUDWH�VWRUDJH�LQ�URRWV��LQFUHDVLQJ

HDUO\�VHQHVFHQFH�RI�OHDYHV�DQG�DIIHFWLQJ�ZDWHU�XVH�HIILFLHQF\�LQ�WUHHV��2��H[SRVXUH�FDQ�GLVUXSW

RU�FKDQJH�WKH�QXWULHQW�DQG�ZDWHU�IORZ�RI�DQ�HQWLUH�V\VWHP���:HDNHQHG�WUHHV�FDQ�EHFRPH

VXVFHSWLEOH�WR�SHVW�DQG�SDWKRJHQ�RXWEUHDNV��ORVV�RI�FRPSHWLWLYH�DGYDQWDJH�DQG�GHFUHDVHG

UHSURGXFWLYH��VHHGOLQJ�VXUYLYDELOLW\��VXFFHVV��SHUKDSV�UHVXOWLQJ�LQ�UHGXFHG�JHQHWLF�YDULDELOLW\

ZLWKLQ�WKH�VSHFLHV�RU�HQWLUH�HFRV\VWHP���+RZHYHU��VWDII�FRQFOXGHV�WKDW�WKHUH�LV�LQVXIILFLHQW

LQIRUPDWLRQ�WR�HVWLPDWH�WKH�VHYHULW\�RI�WKHVH�LPSDFWV�DV�D�IXQFWLRQ�RI�WKH�OHYHOV�RI�DOWHUQDWLYH

VHFRQGDU\�VWDQGDUGV��DQG��WKXV��QR�TXDQWLWDWLYH�HVWLPDWH�KDV�EHHQ�PDGH�LQ�WKH�FRQWH[W�RI�WKLV

UHYLHZ�RI�WKH�SRWHQWLDO�EHQHILWV�DVVRFLDWHG�ZLWK�DOWHUQDWLYH�VWDQGDUG�OHYHOV���7KLV�LQIRUPDWLRQ�

KRZHYHU��VKRXOG�EH�ZHLJKHG�LQ�FRQVLGHULQJ�WKH�H[WHQW�WR�ZKLFK�D�VHFRQGDU\�VWDQGDUG�VKRXOG�EH

SUHFDXWLRQDU\�LQ�QDWXUH�LQ�SURWHFWLQJ�DJDLQVW�HIIHFWV�IRU�ZKLFK�VFLHQWLILF�VWXGLHV�KDYH�QRW

DGHTXDWHO\�TXDQWLILHG�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�
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(� 5HFRPPHQGDWLRQ

%DVHG�RQ�WKH�FRQFOXVLRQ�WKDW�WKH�FXUUHQW�VHFRQGDU\�VWDQGDUG�GRHV�QRW�SURYLGH�DGHTXDWH

SURWHFWLRQ�IRU�YHJHWDWLRQ��WKH�VWDII�UHFRPPHQGV�WKDW�WKH�$GPLQLVWUDWRU�FRQVLGHU�WKH�IROORZLQJ

IDFWRUV�LQ�GHWHUPLQLQJ�DSSURSULDWH�UHYLVLRQV�WR�WKH�VHFRQGDU\�VWDQGDUG������WKH�YDU\LQJ�GHJUHHV

RI�SURWHFWLRQ�DIIRUGHG�E\�WKH�DOWHUQDWLYH�SULPDU\�VWDQGDUGV�UHFRPPHQGHG�LQ�6HFWLRQ�9,�����WKH

LQFUHPHQWDO�SURWHFWLRQ�DVVRFLDWHG�ZLWK�DOWHUQDWLYH�FXPXODWLYH��VHDVRQDO�VHFRQGDU\�VWDQGDUGV

XQGHU�FRQVLGHUDWLRQ��DQG����WKH�YDOXH�RI�HVWDEOLVKLQJ�D�VHDVRQDO�IRUP�IRU�WKH�VHFRQGDU\

VWDQGDUG�WKDW�LV�PRUH�UHSUHVHQWDWLYH�RI�ELRORJLFDOO\�UHOHYDQW�H[SRVXUHV���$GGLWLRQDO

FRQVLGHUDWLRQ�VKRXOG�EH�JLYHQ�WR�WKH�SRVVLELOLW\�RI�R]RQH�LPSDFWV�DFWLQJ�LQ�V\QHUJ\�ZLWK�RWKHU

QDWXUDO�DQG�PDQPDGH�VWUHVVRUV�DQG�WKH�H[WHQW�WR�ZKLFK�D�VHFRQGDU\�VWDQGDUG�VKRXOG�EH

SUHFDXWLRQDU\�LQ�QDWXUH�DJDLQVW�VXFK�HIIHFWV��SDUWLFXODUO\�JLYHQ�WKHLU�SRWHQWLDO�VLJQLILFDQFH�DW�D

UHJLRQDO�VFDOH�DQG�LQ�&ODVV�,�DUHDV�

,I�WKH�$GPLQLVWUDWRU�GHWHUPLQHV�WKDW�DGGLWLRQDO�SURWHFWLRQ�LV�QHHGHG�EH\RQG�WKDW

SURYLGHG�E\�WKH�DOWHUQDWLYH�SULPDU\�VWDQGDUGV�UHFRPPHQGHG�LQ�6HFWLRQ�9,��RU�WKDW�QR�UHYLVLRQV

WR�WKH�FXUUHQW�SULPDU\�VWDQGDUG�DUH�ZDUUDQWHG��DQG�RU�WKDW�HVWDEOLVKLQJ�D�VHDVRQDO�IRUP�IRU�WKH

VHFRQGDU\�VWDQGDUG�LV�MXVWLILHG��VWDII�UHFRPPHQGV�FRQVLGHUDWLRQ�RI�D�QHZ�VHFRQGDU\�VWDQGDUG�LQ

WKH�IRUP�RI�D���PRQWK�����KU��680���H[SRVXUH�LQGH[��VHW�DW�D�OHYHO�ZLWKLQ�WKH�UDQJH�RI

DSSUR[LPDWHO\����WR����SSP�KUV���7KH�XSSHU�HQG�RI�WKLV�UDQJH�IRFXVHV�RQ�SURYLGLQJ�DGGLWLRQDO

SURWHFWLRQ�DJDLQVW�HIIHFWV�WR�D�ZLGH�UDQJH�RI�FRPPHUFLDO�FURSV�DQG�WUHH�VSHFLHV�WKDW�FDQ�EH�PRVW

FOHDUO\�DWWULEXWHG�WR�DPELHQW�2��FRQFHQWUDWLRQV�DERYH�EDFNJURXQG�OHYHOV���7KH�ORZHU�HQG�RI�WKLV

UDQJH�ZRXOG�EH�H[SHFWHG�WR�SURYLGH�IXUWKHU�LQFUHPHQWDO�SURWHFWLRQ�IRU�FRPPHUFLDO�FURS�DQG

WUHH�VSHFLHV��ZKLOH�GLUHFWLRQDOO\�SURYLGLQJ�LQFUHDVHG�SURWHFWLRQ�DJDLQVW�HIIHFWV�WR�YHJHWDWLRQ�DQG

HFRV\VWHP�UHVRXUFHV�LQ�&ODVV�,�DQG�RWKHU�DUHDV�
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$EEH\��'�(���3HWHUVHQ��)���0LOOV��3�.���%HHVRQ��:�/����������/RQJ�WHUP�DPELHQW
FRQFHQWUDWLRQV�RI�WRWDO�VXVSHQGHG�SDUWLFXODWHV��R]RQH��DQG�VXOIXU�GLR[LGH�DQG�UHVSLUDWRU\
V\PSWLRPV�LQ�D�QRQVPRNLQJ�SRSXODWLRQ���$UFK��(QYLURQ��+HDOWK�����������

$EHOHV��)��%���0RUJDQ��3��:���6DOWYHLW��0��(���-U���������(WK\OHQH�LQ�SODQW�ELRORJ\���QG�HG�
6DQ�'LHJR��&$��$FDGHPLF�3UHVV��SS������

$EW�$VVRFLDWHV��,QF����������2]RQH�1$$46�EHQHILWV�DQDO\VLV��&DOLIRUQLD�FURSV���5HSRUW�WR
8�6��(3$��-XO\�

$EW�$VVRFLDWHV��,QF����������8UEDQ�RUQDPHQWDO�SODQWV��VHQVLWLYLW\�WR�R]RQH�DQG�SRWHQWLDO
HFRQRPLF�ORVVHV���5HSRUW�WR�8�6��(3$��'HFHPEHU

$GDPV��0��%���2
1HLOO��(��*���������(IIHFWV�RI�R]RQH�DQG�DFLGLF�GHSRVLWLRQ�RQ�FDUERQ
DOORFDWLRQ�DQG�P\FRUUKL]DO�FRORQL]DWLRQ�RI�3LQXV�WDHGD�/��VHHGOLQJV��)RU��6FL�����������

$GDPV��5��0����������$JULFXOWXUH��IRUHVWU\��DQG�UHODWHG�EHQHILWV�RI�DLU�SROOXWLRQ�&RQWURO��$
5HYLHZ�DQG�VRPH�REVHUYDWLRQV��$P��-��$JULF��(FRQ�������������

$GDPV��:��&���6FKHOHJOH��(��6���������2]RQH�DQG�KLJK�YHQWLODWLRQ�HIIHFWV�RQ�SXOPRQDU\
IXQFWLRQ�DQG�HQGXUDQFH�SHUIRUPDQFH��-��$SSO��3K\VLRO���5HVSLU��(QYLURQ��([HUFLVH
3K\VLRO��������������

$GDPV��:��&���6DYLQ��:��0���&KULVWR��$��(���������'HWHFWLRQ�RI�R]RQH�WR[LFLW\�GXULQJ
FRQWLQXRXV�H[HUFLVH�YLD�WKH�HIIHFWLYH�GRVH�FRQFHSW��-��$SSO��3K\VLRO��5HVSLU��(QYLURQ�
([HUFLVH�3K\VLRO��������������

$GDURV��*���:HLJHO��+��-���-¢JHU��+��-���������'LH�:LUNXQJ�YRQ�2]RQ�DXI�:DFKVWXPV��XQG
(UWUDJVSDUDPHWHU�]ZHLHU�6RPPHUZHL]HQVRUWHQ��7ULWLFXP�DHVWLYXP�/���>,PSDFW�RI�R]RQH
RQ�JURZWK�DQG�\LHOG�SDUDPHWHUV�RI�WZR�VSULQJ�ZKHDW�FXOWLYDUV��7ULWLFXP�DHVWLYXP�/��@�
=��3IODQ]HQNU��3IODQ]HQVFKXW]�������������

$OOHJUD��/���0RDYHUR��1��(���5DPSROGL��&���������2]RQH�LQGXFHG�LPSDLUPHQW�RI�PXFRFLOLDU\
WUDQVSRUW�DQG�LWV�SUHYHQWLRQ�ZLWK�1�DFHW\OF\VWHLQH��$P��-��0HG�����VXSSO���&�����6�
��6�

$OVFKHU��5��*���$PXQGVRQ��5��*���&XPPLQJ��-��5���)HOORZV��6���)LQFKHU��-���5XELQ��*���YDQ
/HXNHQ��3���:HLQVWHLQ��/��+���������6HDVRQDO�FKDQJHV�LQ�WKH�SLJPHQWV��FDUERK\GUDWHV
DQG�JURZWK�RI�UHG�VSUXFH�DV�DIIHFWHG�E\�R]RQH��1HZ�3K\WRO���������������
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$OWVKXOOHU��$�3����������5HYLHZ�SDSHU��7KH�UROH�RI�QLWURJHQ�R[LGHV�LQ�QRQXUEDQ�R]RQH
IRUPDWLRQ�LQ�WKH�SODQHWDU\�ERXQGDU\�OD\HU�RYHU�1�$PHULFD��:�(XURSH��DQG�DGMDFHQW
DUHDV�RI�RFHDQ��$WPRVSKHULF�(QYLURQPHQW�������������

$PGXU��0��2���8JUR��9���8QGHUKLOO��'��:���������5HVSLUDWRU\�UHVSRQVH�RI�JXLQHD�SLJV�WR
R]RQH�DORQH�DQG�ZLWK�VXOIXU�GLR[LGH��$P��,QG��+\J��$VVRF��-��������������

$PHULFDQ�7KRUDFLF�6RFLHW\���������*XLGHOLQHV�DV�WR�ZKDW�FRQVWLWXWHV�DQ�DGYHUVH�UHVSLUDWRU\
KHDOWK�HIIHFW��ZLWK�VSHFLDO�UHIHUHQFH�WR�HSLGHPLRORJLF�VWXGLHV�RI�DLU�SROOXWLRQ���$P�
5HY��5HVSLU��'LV����������������

$QGHUVHQ��&��3���+RJVHWW��:��(���:HVVOLQJ��5���3ORFKHU��0���������2]RQH�GHFUHDVHV�VSULQJ
URRW�JURZWK�DQG�URRW�FDUERK\GUDWH�FRQWHQW�LQ�SRQGHURVD�SLQH�WKH�\HDU�IROORZLQJ
H[SRVXUH��&DQ��-��)RU��5HV���������������

$QGHUVHQ��&��3���5\JLHZLF]��3��7���������6WUHVV�LQWHUDFWLRQV�DQG�P\FRUUKL]DO�SODQW�UHVSRQVH�
XQGHUVWDQGLQJ�FDUERQ�DOORFDWLRQ�SULRULWLHV��(QYLURQ��3ROOXW��������������

$UDQ\L��&���9DQD��6��&���7KRPDV��3��7���%UDGRI��-��1���)HQWHUV��-��'���*UDKDP��-��$��
0LOOHU��)��-���������(IIHFWV�RI�VXEFKURQLF�H[SRVXUH�WR�D�PL[WXUH�RI�2���62���DQG
�1+���62��RQ�KRVW�GHIHQVHV�RI�PLFH��-��7R[LFRO��(QYLURQ��+HDOWK�����������

$ULV��5�0���&KULVWLDQ��'���+HDUQH��3�4���.HUU��.���)LQNEHLQHU��:�(���%DOPHV��-�5�������D�
2]RQH�LQGXFHG�DLUZD\�LQIODPPDWLRQ�LQ�KXPDQ�VXEMHFWV�DV�GHWHUPLQHG�E\�DLUZD\�ODYDJH
DQG�ELRSV\���$P��5HY��5HVSLU��'LV�����������������

$ULV��5���&KULVWLDQ��'���7DJHU��,���1JR��,���)LQNEHLQHU��:�(���%DOPHV��-�5�������E���(IIHFWV
RI�QLWULF�DFLG�JDV�DORQH�RU�LQ�FRPELQDWLRQ�ZLWK�R]RQH�RQ�KHDOWK\�YROXQWHHUV���$P��5HY�
5HVSLU��'LV���������������

$VWUDQG��3�2���5RGDKO��.���������7H[WERRN�RI�ZRUN�SK\VLRORJ\��1HZ�<RUN��1�<���0F*UDZ�
+LOO��,QF�

$YRO��(��/���7ULP��6��&���/LWWOH��'��(���6SLHU��&��(���6PLWK��0��1���3HQJ��5��&���/LQQ��:�
6���+DFNQH\��-��'���������2]RQH�H[SRVXUH�DQG�OXQJ�IXQFWLRQ��D�VRXWKHUQ�&DOLIRUQLD
VXPPHU�FDPS�VWXG\��,Q��%HUJOXQG��5��/���/DZVRQ��'��5���0F.HH��'��-���HGV�
7URSRVSKHULF�R]RQH�DQG�WKH�HQYLURQPHQW��SDSHUV�IURP�DQ�LQWHUQDWLRQDO�FRQIHUHQFH�
0DUFK�������/RV�$QJHOHV��&$��3LWWVEXUJK��3$��$LU�	�:DVWH�0DQDJHPHQW
$VVRFLDWLRQ��SS����������$	:0$�WUDQVDFWLRQ�VHULHV�QR��75�����
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$YRO��(��/���7ULP��6��&���/LWWOH��'��(���6SLHU��&��(���6PLWK��0��1���3HQJ��5��&���/LQQ��:�
6���+DFNQH\��-��'���*URVV��.��%���'
$UF\��-��%���*LEERQV��'���+LJJLQV��,��7��7�
�������2]RQH�H[SRVXUH�DQG�OXQJ�IXQFWLRQ�LQ�FKLOGUHQ�DWWHQGLQJ�D�VRXWKHUQ�&DOLIRUQLD
VXPPHU�FDPS��3UHVHQWHG�DW����UG�DQQXDO�PHHWLQJ�DQG�H[KLELWLRQ�RI�WKH�$LU�	�:DVWH
0DQDJHPHQW�$VVRFLDWLRQ��-XQH��3LWWVEXUJK��3$��3LWWVEXUJK��3$��$LU�	�:DVWH
0DQDJHPHQW�$VVRFLDWLRQ��SDSHU�QR�����������

$YRO��(�/���/LQQ��:�6���6KDPRR��'�$���+DFNQH\��-�'����������6HDVRQDO�R]RQH�DFWLYLW\�LQ�/RV
$QJHOHV�UHVLGHQWV���3UHVHQWHG�DW����VW�DQQXDO�PHHWLQJ�RI�WKH�$LU�3ROOXWLRQ�&RQWURO
$VVRFLDWLRQ��-XQH��'DOODV��7;���3LWWVEXUJK��3$��$LU�3ROOXWLRQ�&RQWURO�$VVRFLDWLRQ�
SDSHU�QR�����������

$YRO��(��/���/LQQ��:��6���6KDPRR��'��$���6SLHU��&��(���9DOHQFLD��/��0���9HQHW��7��*��
7ULP��6��&���+DFNQH\��-��'���������6KRUW�WHUP�UHVSLUDWRU\�HIIHFWV�RI�SKRWRFKHPLFDO
R[LGDQW�H[SRVXUH�LQ�H[HUFLVLQJ�FKLOGUHQ��-$3&$�������������

$YRO��(��/���/LQQ��:��6���6KDPRR��'��$���9DOHQFLD��/��0���$Q]DU��8��7���9HQHW��7��*��
+DFNQH\��-��'�������D��5HVSLUDWRU\�HIIHFWV�RI�SKRWRFKHPLFDO�R[LGDQW�DLU�SROOXWLRQ�LQ
H[HUFLVLQJ�DGROHVFHQWV��$P��5HY��5HVSLU��'LV���������������

$YRO��(��/���/LQQ��:��6���6KDPRR��'��$���9DOHQFLD��/��0���$Q]DU��8��7���+DFNQH\��-��'�
�����E��6KRUW�WHUP�KHDOWK�HIIHFWV�RI�DPELHQW�DLU�SROOXWLRQ�LQ�DGROHVFHQWV��,Q��/HH��6�
'���HG��(YDOXDWLRQ�RI�WKH�VFLHQWLILF�EDVLV�IRU�R]RQH�R[LGDQWV�VWDQGDUGV��WUDQVDFWLRQV�RI
DQ�$3&$�LQWHUQDWLRQDO�VSHFLDOW\�FRQIHUHQFH��1RYHPEHU�������+RXVWRQ��7;�
3LWWVEXUJK��3$��$LU�3ROOXWLRQ�&RQWURO�$VVRFLDWLRQ��SS������������$3&$�LQWHUQDWLRQDO
VSHFLDOW\�FRQIHUHQFH�WUDQVDFWLRQV��75����

$YRO��(��/���/LQQ��:��6���9HQHW��7��*���6KDPRR��'��$���6SLHU��&��(���+DFNQH\��-��'�
�����F��&RPSDUDWLYH�HIIHFWV�RI�ODERUDWRU\�JHQHUDWHG�R]RQH�DQG�DPELHQW�R[LGDQW
H[SRVXUH�LQ�FRQWLQXRXVO\�H[HUFLVLQJ�VXEMHFWV��,Q��/HH��6��'���HG��(YDOXDWLRQ�RI�WKH
VFLHQWLILF�EDVLV�IRU�R]RQH�R[LGDQWV�VWDQGDUGV��SURFHHGLQJV�RI�DQ�$3&$�LQWHUQDWLRQDO
VSHFLDOW\�FRQIHUHQFH��1RYHPEHU�������+RXVWRQ��7;��3LWWVEXUJK��3$��$LU�3ROOXWLRQ
&RQWURO�$VVRFLDWLRQ��SS������������$3&$�LQWHUQDWLRQDO�VSHFLDOW\�FRQIHUHQFH
WUDQVDFWLRQV��75����

$YRO��(��/���/LQQ��:��6���9HQHW��7��*���6KDPRR��'��$���+DFNQH\��-��'���������&RPSDUDWLYH
UHVSLUDWRU\�HIIHFWV�RI�R]RQH�DQG�DPELHQW�R[LGDQW�SROOXWLRQ�H[SRVXUH�GXULQJ�KHDY\
H[HUFLVH��-��$LU�3ROOXW��&RQWURO�$VVRF��������������

$YRO��(��/���/LQQ��:��6���6KDPRR��'��$���9HQHW��7��*���+DFNQH\��-��'���������$FXWH
UHVSLUDWRU\�HIIHFWV�RI�/RV�$QJHOHV�VPRJ�LQ�FRQWLQXRXVO\�H[HUFLVLQJ�DGXOWV��-��$LU�3ROOXW�
&RQWURO�$VVRF����������������
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%DUQHV��-��'���(DPXV��'���%URZQ��.��$���������7KH�LQIOXHQFH�RI�R]RQH��DFLG�PLVW�DQG�VRLO
QXWULHQW�VWDWXV�RQ�1RUZD\�VSUXFH�>3LFHD�DELHV��/���.DUVW�@��,,��SKRWRV\QWKHVLV��GDUN
UHVSLUDWLRQ�DQG�VROXEOH�FDUERK\GUDWHV�RI�WUHHV�GXULQJ�ODWH�DXWXPQ��1HZ�3K\WRO������
��������

%DUU��%��&���+\GH��'��0���3ORSSHU��&��*���'XQJZRUWK��'��/���������$�FRPSDULVRQ�RI
WHUPLQDO�DLUZD\�UHPRGHOLQJ�LQ�FKURQLF�GDLO\�YHUVXV�HSLVRGLF�R]RQH�H[SRVXUH��7R[LFRO�
$SSO��3KDUPDFRO���������������

%DUU��%��&���+\GH��'��0���3ORSSHU��&��*���'XQJZRUWK��'��/���������'LVWDO�DLUZD\
UHPRGHOLQJ�LQ�UDWV�FKURQLFDOO\�H[SRVHG�WR�R]RQH��$P��5HY��5HVSLU��'LV���������������

%DUU\��%��(���0HUFHU��5��5���0LOOHU��)��-���&UDSR��-��'���������(IIHFWV�RI�LQKDODWLRQ�RI�����
SSP�R]RQH�RQ�WKH�WHUPLQDO�EURQFKLROHV�RI�MXYHQLOH�DQG�DGXOW�UDWV��([S��/XQJ�5HV�����
��������

%DUU\��%��(���0LOOHU��)��-���&UDSR��-��'���������(IIHFWV�RI�LQKDODWLRQ�RI������DQG������SDUWV
SHU�PLOOLRQ�R]RQH�RQ�WKH�SUR[LPDO�DOYHRODU�UHJLRQ�RI�MXYHQLOH�DQG�DGXOW�UDWV��/DE�
,QYHVW��������������

%DUU\��%��(���0LOOHU��)��-���&UDSR��-��'���������$OYHRODU�HSLWKHOLDO�LQMXU\�FDXVHG�E\�LQKDODWLRQ
RI������SSP�RI�R]RQH��,Q��/HH��6��'���0XVWDID��0��*���0HKOPDQ��0��$���HGV�
,QWHUQDWLRQDO�V\PSRVLXP�RQ�WKH�ELRPHGLFDO�HIIHFWV�RI�R]RQH�DQG�UHODWHG�SKRWRFKHPLFDO
R[LGDQWV��0DUFK�������3LQHKXUVW��1&��3ULQFHWRQ��1-��3ULQFHWRQ�6FLHQWLILF�3XEOLVKHUV�
,QF���SS������������$GYDQFHV�LQ�PRGHUQ�HQYLURQPHQWDO�WR[LFRORJ\��Y�����

%DWHV��'�9���%DNHU�$QGHUVRQ��0���6L]WR��5����������$VWKPD�DWWDFN�SHULRGLFLW\��D�VWXG\�RI
KRVSLWDO�HPHUJHQF\�YLVLWV�LQ�9DQFRXYHU���(QYLURQ��5HV������������

%HDGOH��&��/���-DUYLV��3��*���7DOERW��+���1HLOVRQ��5��(�������D���6WRPDWDO�FRQGXFWDQFH�DQG
SKRWRV\QWKHVLV�LQ�D�PDWXUH�6FRWV�SLQH�IRUHVW��,,��'HSHQGHQFH�RQ�HQYLURQPHQWDO
YDULDEOHV�RI�VLQJOH�VKRRWV���-��$SSO��(FRO��������������

%HDGOH��&��/���1HLOVRQ��5��(���7DOERW��+���-DUYLV��3��*�������E��6WRPDWDO�FRQGXFWDQFH�DQG
SKRWRV\QWKHVLV�LQ�D�PDWXUH�6FRWV�SLQH�IRUHVW��,��'LXUQDO��VHDVRQDO�DQG�VSDWLDO�YDULDWLRQ
LQ�VKRRWV���-��$SSO��(FRO�������������

%HGL��-��)���+RUYDWK��6��0���'UHFKVOHU�3DUNV��'��0���������$GDSWDWLRQ�E\�ROGHU�LQGLYLGXDOV
UHSHDWHGO\�H[SRVHG�WR������SDUWV�SHU�PLOOLRQ�R]RQH�IRU�WZR�KRXUV��-$3&$�������������
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%HGL��-��)���+RUYDWK��6��0���'UHFKVOHU�3DUNV��'��0���������5HSURGXFLELOLW\�RI�WKH�SXOPRQDU\
IXQFWLRQ�UHVSRQVH�RI�ROGHU�PHQ�DQG�ZRPHQ�WR�D���KRXU�R]RQH�H[SRVXUH��-$3&$����
����������

%HQRLW��/��)���6NHOO\��-��0���0RRUH��/��'���'RFKLQJHU��/��6���������5DGLDO�JURZWK�UHGXFWLRQV
LQ�3LQXV�VWUREXV�/��FRUUHODWHG�ZLWK�IROLDU�R]RQH�VHQVLWLYLW\�DV�DQ�LQGLFDWRU�RI�R]RQH�
LQGXFHG�ORVVHV�LQ�HDVWHUQ�IRUHVWV��&DQ��-��)RU��5HV�������������

%HUUDQJ��3���.DUQRVN\��'��)���%HQQHWW��-��3���������1DWXUDO�VHOHFWLRQ�IRU�R]RQH�WROHUDQFH�LQ
3RSXOXV�WUHPXORLGHV��DQ�HYDOXDWLRQ�RI�QDWLRQZLGH�WUHQGV��&DQ��-��)RU��5HV�����
����������

%HUUDQJ��3���.DUQRVN\��'��)���%HQQHWW��-��3���������1DWXUDO�VHOHFWLRQ�IRU�R]RQH�WROHUDQFH�LQ
3RSXOXV�WUHPXORLGHV��ILHOG�YHULILFDWLRQ��&DQ��-��)RU��5HV��������������

%HUUDQJ��3���.DUQRVN\��'��)���0LFNOHU��5��$���%HQQHW��-��3���������1DWXUDO�VHOHFWLRQ�IRU
R]RQH�WROHUDQFH�LQ�3RSXOXV�WUHPXORLGHV��&DQ��-��)RU��5HV����������������

%HUU\��&��5���������:KLWH�SLQH�HPHUJHQFH�WLSEXUQ��D�SK\VLRJHQLF�GLVWXUEDQFH��$VKHYLOOH��1&�
8�6��'HSDUWPHQW�RI�$JULFXOWXUH�)RUHVW�6HUYLFH��6RXWKHDVWHUQ�)RUHVW�([SHULPHQW
6WDWLRQ��VWDWLRQ�SDSHU�QR������

%HUU\��0���/LR\��3��-���*HOSHULQ��.���%XFNOHU��*���.ORW]��-���������$FFXPXODWHG�H[SRVXUH�WR
R]RQH�DQG�PHDVXUHPHQW�RI�KHDOWK�HIIHFWV�LQ�FKLOGUHQ�DQG�FRXQVHORUV�DW�WZR�VXPPHU
FDPSV��(QYLURQ��5HV��������������

%KDOOD��'��.���<RXQJ��&���������(IIHFWV�RI�DFXWH�H[SRVXUH�WR�2��RQ�UDWV��VHTXHQFH�RI�HSLWKHOLDO
DQG�LQIODPPDWRU\�FKDQJHV�LQ�WKH�GLVWDO�DLUZD\V��,QKDODWLRQ�7R[LFRO�����������

%LHUVWHNHU��.���(YHQGLMN��-�(����������2]RQH��WHPSHUDWXUH��DQG�PRUWDOLW\�LQ�5RWWHUGDP�LQ�WKH
VXPPHUV�RI������DQG��������(QYLURQ��5HV��������������

%OHDYLQV��0��5���']LHG]LF��'���������$Q�LPPXQRIOXRUHVFHQFH�VWXG\�RI�7�DQG�%�O\PSKRF\WHV
LQ�R]RQH�LQGXFHG�SXOPRQDU\�OHVLRQV�LQ�WKH�PRXVH��7R[LFRO��$SSO��3KDUPDFRO����������
����

%RFN��1���/LSSPDQ��0���/LR\��3���0XQR]��$���6SHL]HU��)���������7KH�HIIHFWV�RI�R]RQH�RQ�WKH
SXOPRQDU\�IXQFWLRQ�RI�FKLOGUHQ���,Q��3URFHHGLQJV�RI�DQ�LQWHU�QDWLRQDO�VSHFLDOW\
FRQIHUHQFH�RQ�WKH�HYDOXDWLRQ�RI�WKH�VFLHQWLILF�EDVLV�IRU�DQ�R]RQH�R[LGDQW�VWDQGDUG�
1RYHPEHU�������+RXVWRQ��7;��3LWWVEXUJK��3$��$LU�3ROOXWLRQ�&RQWURO�$VVRFLDWLRQ��SS�
����������$3&$�LQWHUQDWLRQDO�VSHFLDOW\�FRQIHUHQFH�WUDQVDFWLRQV��Y�����
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%RKP��0���������$LU�TXDOLW\�DQG�GHSRVLWLRQ��,Q��2OVRQ��5��.���%LQNOH\��'���%RKP��0���HGV�
7KH�UHVSRQVHV�RI�ZHVWHUQ�IRUHVWV�WR�DLU�SROOXWLRQ��1HZ�<RUN��1<��6SULQJHU�9HUODJ��SS�
��������(FRORJLFDO�VWXGLHV�QR������

%RRUPDQ��*��$���6FKZDUW]��/��:���'XQJZRUWK��'��/���������3XOPRQDU\�HIIHFWV�RI�SURORQJHG
R]RQH�LQVXOW�LQ�UDWV��PRUSKRPHWULF�HYDOXDWLRQ�RI�WKH�FHQWUDO�DFLQXV��/DE��,QYHVW�����
��������

%UDXQ�)DKUO¢QGHU��&���.ºQ]OL��1���'RPHQLJKHWWL��*���&DUHOO��&��)���$FNHUPDQQ�/LHEULFK��8�
�������$FXWH�HIIHFWV�RI�DPELHQW�R]RQH�RQ�UHVSLUDWRU\�IXQFWLRQ�RI�6ZLVV�VFKRROFKLOGUHQ
DIWHU�D����PLQXWH�KHDY\�H[HUFLVH��3HGLDWU��3XOPRQRO��������������

%UXQHNUHHI��%���+RHN��*���%UHXJHOPDQV��2���/HHQWYDDU��0����������5HVSLUDWRU\�HIIHFWV�RI
ORZ�OHYHO�SKRWRFKHPLFDO�DLU�SROOXWLRQ�LQ�DPDWHXU�F\FOLVWV���$P��-��5HVSLU��&ULW��&DUH
0HG���������������

%XUHDX�RI�&HQVXV��������������&HQVXV�RI�3RSXODWLRQ�DQG�+RXVLQJ���6XPPDU\�7DSH�)LOH��$�
:DVKLQJWRQ��'�&�

%XUOHVRQ��*��5���.H\HV��/��/���6WXW]PDQ��-��'���������,PPXQRVXSSUHVVLRQ�RI�SXOPRQDU\
QDWXUDO�NLOOHU�DFWLYLW\�E\�H[SRVXUH�WR�R]RQH��,PPXQRSKDUPDFRO��,PPXQRWR[LFRO�����
��������

%XUQHWW��5�7���'DOHV��5�(���5DL]HQQH��0�(���.UHZVNL��'���6XPPHUV��3�:���5REHUWV��*�5��
5DDG�<RXQJ��0���'DQQ�7���%URRN��-���������(IIHFWV�RI�ORZ�DPELHQW�OHYHOV�RI�R]RQH
DQG�VXOIDWHV�RQ�WKH�IUHTXHQF\�RI�UHVSLUDWRU\�DGPLVVLRQV�WR�2QWDULR�KRVSLWDOV��(QYLURQ�
5HV��������������

%\UHV��'��3���'HDQ��7��-���-RKQVRQ��-��'���������/RQJ�WHUP�HIIHFWV�RI�R]RQH�DQG�VLPXODWHG
DFLG�UDLQ�RQ�WKH�IROLDJH�G\QDPLFV�RI�VODVK�SLQH��3LQXV�HOOLRWWLL�YDU�HOOLRWWLL�(QJHOP���
1HZ�3K\WRO�������������

%\WQHURZLF]��$���2OV]\N��'��0���)R[��&��$���'DZVRQ��3��-���.DWV��*���0RUULVRQ��&��/��
:ROI��-���������5HVSRQVHV�RI�GHVHUW�DQQXDO�SODQWV�WR�R]RQH�DQG�ZDWHU�VWUHVV�LQ�DQ�LQ�VLWX
H[SHULPHQW��-$3&$���������������

%\WQHURZLF]��$���0LOOHU��3��5���2OV]\N��'��0���'DZVRQ��3��-���)R[��&��$�������D���*DVHRXV
DQG�SDUWLFXODWH�DLU�SROOXWLRQ�LQ�WKH�6DQ�*DEULHO�0RXQWDLQV�RI�VRXWKHUQ�&DOLIRUQLD��
$WPRV��(QYLURQ����������������

%\WQHURZLF]��$���0LOOHU��3��5���2OV]\N��'��0�������E���'U\�GHSRVLWLRQ�RI�QLWUDWH��DPPRQLXP
DQG�VXOIDWH�WR�D�&HDQRWKXV�FUDVVLIROLXV�FDQRS\�DQG�VXUURJDWH�VXUIDFHV���$WPRV��(QYLURQ�
��������������
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&DOLIRUQLD�'HSDUWPHQW�RI�3XEOLF�+HDOWK���������5HSRUW�,,,��D�SURJUHVV�UHSRUW�RI�&DOLIRUQLD
V
ILJKW�DJDLQVW�DLU�SROOXWLRQ��%HUNOH\��&$��6WDWH�RI�&DOLIRUQLD��'HSDUWPHQW�RI�3XEOLF
+HDOWK�

&DOLIRUQLD�'HSDUWPHQW�RI�3XEOLF�+HDOWK����������&OHDQ�DLU�IRU�&DOLIRUQLD��VHFRQG�UHSRUW�RI�WKH
$LU�3ROOXWLRQ�6WXG\�3URMHFW���%HUNOH\��&$��6WDWH�RI�&DOLIRUQLD��'HSDUWPHQW�RI�3XEOLF
+HDOWK�

&DOLIRUQLD�'HSDUWPHQW�RI�3XEOLF�+HDOWK����������&OHDQ�DLU�IRU�&DOLIRUQLD��LQLWLDO�UHSRUW�RI�WKH
$LU�3ROOXWLRQ�6WXG\�3URMHFW��6DQ�)UDQFLVFR��&$��6WDWH�RI�&DOLIRUQLD��'HSDUWPHQW�RI
3XEOLF�+HDOWK�

&DUU��:���=HLWHO��/���:HLVV��.���������9DULDWLRQV�LQ�DVWKPD�KRVSLWDOL]DWLRQV�DQG�GHDWKV�LQ
1HZ�<RUN�&LW\���$P��-��3XEOLF�+HDOWK�����������

&DVWLOOHMRV��0���*ROG��'��5���'RFNHU\��'���7RVWHVRQ��7���%DXP��7���6SHL]HU��)��(��������
(IIHFWV�RI�DPELHQW�R]RQH�RQ�UHVSLUDWRU\�IXQFWLRQ�DQG�V\PSWRPV�LQ�0H[LFR�&LW\
VFKRROFKLOGUHQ��$P��5HY��5HVSLU��'LV���������������

&DVWOHPDQ��:��/���'XQJZRUWK��'��/���6FKZDUW]��/��:���7\OHU��:��6���������$FXWH
UHVSLUDWRU\�EURQFKLROLWLV��DQ�XOWUDVWUXFWXUDO�DQG�DXWRUDGLRJUDSKLF�VWXG\�RI�HSLWKHOLDO�FHOO
LQMXU\�DQG�UHQHZDO�LQ�UKHVXV�PRQNH\V�H[SRVHG�WR�R]RQH��$P��-��3DWKRO��������������

&DVWOHPDQ��:��/���7\OHU��:��6���'XQJZRUWK��'��/���������/HVLRQV�LQ�UHVSLUDWRU\�EURQFKLROHV
DQG�FRQGXFWLQJ�DLUZD\V�RI�PRQNH\V�H[SRVHG�WR�DPELHQW�OHYHOV�RI�R]RQH��([S��0RO�
3DWKRO��������������

&DWDODQR��3��-���5RJXV��-���5\DQ��/��0�������D��&RQVHTXHQFHV�RI�SURORQJHG�LQKDODWLRQ�RI
R]RQH�RQ�)����1�UDWV��FROODERUDWLYH�VWXGLHV��3DUW�;��UREXVW�FRPSRVLWH�VFRUHV�EDVHG�RQ
PHGLDQ�SROLVK�DQDO\VLV��&DPEULGJH��0$��+HDOWK�(IIHFWV�,QVWLWXWH��UHVHDUFK�UHSRUW�QR�
���

&DWDODQR��3��-���&KDQJ��/��<���+DUNHPD��-��5���.DGHQ��'��$���/DVW��-��$���0HOOLFN��3��:��
3DUNV��:��&���3LQNHUWRQ��.��(���5DGKDNULVKQDPXUWK\��%���5\DQ��/��0���6]DUHN��-��/�
�����E��&RQVHTXHQFHV�RI�SURORQJHG�LQKDODWLRQ�RI�R]RQH�RQ�)����1�UDWV��FROODERUDWLYH
VWXGLHV��3DUW�;,��LQWHJUDWLYH�VXPPDU\��&DPEULGJH��0$��+HDOWK�(IIHFWV�,QVWLWXWH�
UHVHDUFK�UHSRUW�QR�����

&KDQJ��/��<���6WRFNVWLOO��%��/���0§QDFKH��0��*���0HUFHU��5��5���&UDSR��-��'��������
&RQVHTXHQFHV�RI�SURORQJHG�LQKDODWLRQ�RI�R]RQH�RQ�)����1�UDWV��FROODERUDWLYH�VWXGLHV�
3DUW�9,,,��0RUSKRPHWULF�DQDO\VLV�RI�VWUXFWXUDO�DOWHUDWLRQV�LQ�DOYHRODU�UHJLRQV�
&DPEULGJH��0$��+HDOWK�(IIHFWV�,QVWLWXWH��UHVHDUFK�UHSRUW�QR�����

&KDQJ��/��<���+XDQJ��<���6WRFNVWLOO��%��/���*UDKDP��-��$���*URVH��(��&���0§QDFKH��0��*��
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0LOOHU��)��-���&RVWD��'��/���&UDSR��-��'���������(SLWKHOLDO�LQMXU\�DQG�LQWHUVWLWLDO
ILEURVLV�LQ�WKH�SUR[LPDO�DOYHRODU�UHJLRQV�RI�UDWV�FKURQLFDOO\�H[SRVHG�WR�D�VLPXODWHG
SDWWHUQ�RI�XUEDQ�DPELHQW�R]RQH��7R[LFRO��$SSO��3KDUPDFRO���������������

&KDQJ��/���0LOOHU��)��-���8OWPDQ��-���+XDQJ��<���6WRFNVWLOO��%��/���*URVH��(���*UDKDP��-��$��
2VSLWDO��-��-���&UDSR��-��'���������$OYHRODU�HSLWKHOLDO�FHOO�LQMXULHV�E\�VXEFKURQLF
H[SRVXUH�WR�ORZ�FRQFHQWUDWLRQV�RI�R]RQH�FRUUHODWH�ZLWK�FXPXODWLYH�H[SRVXUH��7R[LFRO�
$SSO��3KDUPDFRO���������������

&KDSSHOND��$��+���+LOGHEUDQG��(���6NHOO\��-��0���0DQJLV��'���5HQIUR��-��5���������(IIHFWV�RI
DPELHQW�R]RQH�FRQFHQWUDWLRQV�RQ�PDWXUH�HDVWHUQ�KDUGZRRG�WUHHV�JURZLQJ�LQ�*UHDW
6PRN\�0RXQWDLQV�1DWLRQDO�3DUN�DQG�6KHQDQGRDK�1DWLRQDO�3DUN��3UHVHQWHG�DW����WK
DQQXDO�PHHWLQJ�RI�WKH�$LU�DQG�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ��-XQH��.DQVDV�&LW\��02�
3LWWVEXUJK��3$��$LU�DQG�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ��SDSHU�QR������������

&KDSSHOND��$��+���.UDHPHU��0��(���0HEUDKWX��7���5DQJDSSD��0���%HQHSDO��3��6��������
(IIHFWV�RI�R]RQH�RQ�VR\EHDQ�UHVLVWDQFH�WR�WKH�0H[LFDQ�EHDQ�EHHWOH��(SLODFKQD�YDULYHVWLV
0XOVDQW���(QYLURQ��([S��%RW������������

&KHUQLDN��5�0���%DQNV��'�(���%HOO��'�<���'DYLV��*�6���+XJKHV��-�0���.LQJ��7�(���-U��������
%URQFKRDOYHRODU�ODYDJH�FRQVWLWXHQWV�LQ�KHDOWK\�LQGLYLGXDOV��LGLRSDWKLF�SXOPRQDU\
ILEURVLV��DQG�VHOHFWHG�FRPSDULVRQ�JURXSV��$P��5HY��5HVSLU��'LV������VXSSO���6����
6����

&KRZ��&��.���3ORSSHU��&��*���&KLX��0���'XQJZRUWK��'��/���������'LHWDU\�YLWDPLQ�(�DQG
SXOPRQDU\�ELRFKHPLFDO�DQG�PRUSKRORJLFDO�DOWHUDWLRQV�RI�UDWV�H[SRVHG�WR�����SSP
R]RQH��(QYLURQ��5HV��������������

&KX��6�+���������0HWHRURORJLFDO�FRQVLGHUDWLRQV�LQ�VLWLQJ�SKRWRFKHPLFDO�SROOXWDQW�PRQLWRUV
$WPRVSKHULF�(QYLURQPHQW��9RO������1R����������������

&RG\��5��3���:HLVHO��&��3���%LUQEDXP��*���/LR\��3��-���������7KH�HIIHFW�RI�R]RQH�DVVRFLDWHG
ZLWK�VXPPHUWLPH�SKRWRFKHPLFDO�VPRJ�RQ�WKH�IUHTXHQF\�RI�DVWKPD�YLVLWV�WR�KRVSLWDO
HPHUJHQF\�GHSDUWPHQWV��(QYLURQ��5HV��������������

&RIILQ��'�/���*DUGQHU��'�(����������,QWHUDFWLRQ�RI�ELRORJLFDO�DJHQWV�DQG�FKHPLFDO�DLU
SROOXWDQWV���$QQ��2FFXS��+\J�������������
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&RIILQ��'��/���%ORPPHU��(��-���*DUGQHU��'��(���+RO]PDQ��5���������(IIHFW�RI�DLU�SROOXWLRQ�RQ
DOWHUDWLRQ�RI�VXVFHSWLELOLW\�WR�SXOPRQDU\�LQIHFWLRQ��,Q��3URFHHGLQJV�RI�WKH��UG�DQQXDO
FRQIHUHQFH�RQ�DWPRVSKHULF�FRQWDPLQDWLRQ�LQ�FRQILQHG�VSDFHV��0D\��'D\WRQ��2+�
:ULJKW�3DWWHUVRQ�$LU�)RUFH�%DVH��2+��$HURVSDFH�0HGLFDO�5HVHDUFK�/DERUDWRULHV��SS�
�������UHSRUW�QR��$05/�75���������$YDLODEOH�IURP��17,6��6SULQJILHOG��9$��$'�
�������

&RROH\��'��5���0DQQLQJ��:��-���������7KH�LPSDFW�RI�R]RQH�RQ�DVVLPLODWH�SDUWLWLRQLQJ�LQ
SODQWV��D�UHYLHZ��(QYLURQ��3ROOXW�������������

&RVWD��'��/���7HSSHU��-��6���6WHYHQV��0��$���:DWNLQVRQ��:��3���'RHUIOHU��'��/��
*HO]OHLFKWHU��7��5���/DVW��-��$���������5HVWULFWLYH�OXQJ�GLVHDVH�LQ�UDWV�H[SRVHG
FKURQLFDOO\�WR�DQ�XUEDQ�SURILOH�RI�R]RQH��2����$P��-��5HVSLU��&ULW��&DUH�0HG������
����������

&RVWD��'��/���.XW]PDQ��5��6���/HKPDQQ��-��5���3RSHQRH��(��$���'UHZ��5��7���������$
VXEFKURQLF�PXOWLGRVH�R]RQH�VWXG\�LQ�UDWV��,Q��/HH��6��'���0XVWDID��0��*���0HKOPDQ�
0��$���HGV��,QWHUQDWLRQDO�V\PSRVLXP�RQ�WKH�ELRPHGLFDO�HIIHFWV�RI�R]RQH�DQG�UHODWHG
SKRWRFKHPLFDO�R[LGDQWV��0DUFK�������3LQHKXUVW��1&��3ULQFHWRQ��1-��3ULQFHWRQ
6FLHQWLILF�3XEOLVKHUV��,QF���SS������������$GYDQFHV�LQ�PRGHUQ�HQYLURQPHQWDO
WR[LFRORJ\��Y�����

&RZOLQJ��'��:���.R]LRO��0��-���������0LQHUDO�QXWULWLRQ�DQG�SODQW�UHVSRQVH�WR�DLU�SROOXWDQWV�
,Q��8QVZRUWK��0��+���2UPURG��'��3���HGV��(IIHFWV�RI�JDVHRXV�DLU�SROOXWLRQ�RQ
DJULFXOWXUH�DQG�KRUWLFXOWXUH��/RQGRQ��8QLWHG�.LQJGRP��%XWWHUZRUWK�6FLHQWLILF��SS�
��������

&R[��:�&��DQG�6�+��&KX���������0HWHRURORJLFDOO\�DGMXVWHG�R]RQH�WUHQGV�LQ�XUEDQ�DUHDV���D
SUREDELOLVWLF�DSSURDFK���$WPRVSKHULF�(QYLURQPHQW��9RO����E��1R�����3HUJDPRQ�3UHVV�
*UHDW�%ULWDLQ��S����������

&UDSR��-��'���%DUU\��%��(���&KDQJ��/��<���0HUFHU��5��5���������$OWHUDWLRQV�LQ�OXQJ�VWUXFWXUH
FDXVHG�E\�LQKDODWLRQ�RI�R[LGDQWV��-��7R[LFRO��(QYLURQ��+HDOWK�������������

&UHJJ��%��0���+DOSLQ��-��(���'RXJKHUW\��3��0���7HVWH\��5��2���������&RPSDUDWLYH�SK\VLRORJ\
DQG�PRUSKRORJ\�RI�VHHGOLQJ�DQG�PDWXUH�IRUHVW�WUHHV��,Q��1REOH��5��'���0DUWLQ��-��/��
-HQVHQ��.��)���HGV��$LU�SROOXWLRQ�HIIHFWV�RQ�YHJHWDWLRQ�LQFOXGLQJ�IRUHVW�HFRV\VWHPV�
:DVKLQJWRQ��'&��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��1RUWKHDVWHUQ�([SHULPHQW�6WDWLRQ�
SS����������

&XHWR��5���6TXDGULWR��*��/���%HUPXGH]��(���3U\RU��:��$���������,GHQWLILFDWLRQ�RI�KHSWDQDO
DQG�QRQDQDO�LQ�EURQFKRDOYHRODU�ODYDJH�IURP�UDWV�H[SRVHG�WR�ORZ�OHYHOV�RI�R]RQH�
%LRFKHP��%LRSK\V��5HV��&RPPXQ���������������
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'DQQ��0��6���3HOO��(��-���������'HFOLQH�RI�DFWLYLW\�DQG�TXDQWLW\�RI�ULEXORVH�ELVSKRVSKDWH
FDUER[\ODVH�R[\JHQDVH�DQG�QHW�SKRWRV\QWKHVLV�LQ�R]RQH�WUHDWHG�SRWDWR�IROLDJH��3ODQW
3K\VLRO��������������

'DYLGVRQ��$���������8SGDWH�RI�R]RQH�WUHQGV�LQ�&DOLIRUQLD
V�6RXWK�&RDVW�$LU�%DVLQ��$LU�:DVWH
������������

'DYLV��'��'���6NHOO\��-��0�������D��*URZWK�UHVSRQVH�RI�IRXU�VSHFLHV�RI�HDVWHUQ�KDUGZRRG�WUHH
VHHGOLQJV�H[SRVHG�WR�R]RQH��DFLGLF�SUHFLSLWDWLRQ��DQG�VXOIXU�GLR[LGH��-��$LU�:DVWH
0DQDJH��$VVRF��������������

'DYLV��'��'���6NHOO\��-��0�������E��)ROLDU�VHQVLWLYLW\�RI�HLJKW�HDVWHUQ�KDUGZRRG�WUHH�VSHFLHV�WR
R]RQH��:DWHU�$LU�6RLO�3ROOXW��������������

'DYLVRQ��$��:���%DUQHV��-��'���5HQQHU��&��-���������,QWHUDFWLRQV�EHWZHHQ�DLU�SROOXWDQWV�DQG
FROG�VWUHVV��,Q��6FKXOWH�+RVWHGH��6���'DUUDOO��1��0���%ODQN��/��:���:HOOEXUQ��$��5��
HGV��$LU�SROOXWLRQ�DQG�SODQW�PHWDEROLVP��/RQGRQ��8QLWHG�.LQJGRP��(OVHYLHU�$SSOLHG
6FLHQFH��SS����������

'HOILQR��5�-���%HFNODNH��0�5���+DQOH\��-�$�������D���7KH�UHODWLRQVKLS�RI�XUJHQW�KRVSLWDO
DGPLVVLRQV�IRU�UHVSLUDWRU\�LOOQHVVHV�WR�SKRWRFKHPLFDO�DLU�SROOXWLRQ�OHYHOV�LQ�0RQWUHDO��
(QYLURQ��5HV�����������

'HOILQR��5�-���%HFNODNH��0�5���+DQOH\��-�$�������E���(VWLPDWLRQ�RI�XQPHDVXUHG�SDUWLFXODWH�DLU
SROOXWLRQ�GDWD�IRU�DQ�HSLGHPLRORJLFDO�VWXG\�RI�GDLO\�UHVSLUDWRU\�PRUELGLW\���(QYLURQ�
5HV������������

'HWHOV��5���7DVKNLQ��'�3���6D\UH��-�:���5RNDZ��6�1���0DVVH\��)�-���-U���&RXOVRQ��$�+��
:HJPDQ��'�+����������7KH�8&/$�SRSXODWLRQ�VWXGLHV�RI�&25'��;��D�FRKRUW�VWXG\�RI
FKDQJHV�LQ�UHVSLUDWRU\�IXQFWLRQ�DVVRFLDWHG�ZLWK�FKURQLF�H[SRVXUH�WR�62[��12[��DQG
K\GURFDUERQV��$P��-��3XEOLF�+HDOWK�������������

'HYOLQ��5�%���)ROLQVEHH��/���%HFNHU��6���0DGGHQ��0���%LVFDUGL��)���.RUHQ��+�6���������
$WWHQXDWLRQ�RI�FHOOXODU�DQG�ELRFKHPLFDO�FKDQJHV�LQ�WKH�OXQJV�RI�KXPDQV�H[SRVHG�WR
R]RQH�IRU�ILYH�FRQVHFXWLYH�GD\V���0DQXVFULSW�LQ�SUHSDUDWLRQ�

'HYOLQ��5��%���0F'RQQHOO��:��)���0DQQ��5���%HFNHU��6���+RXVH��'��(���6FKUHLQHPDFKHUV�
'���.RUHQ��+��6���������([SRVXUH�RI�KXPDQV�WR�DPELHQW�OHYHOV�RI�R]RQH�IRU�����KRXUV
FDXVHV�FHOOXOODU�DQG�ELRFKHPLFDO�FKDQJHV�LQ�WKH�OXQJ��$P��-��5HVSLU��&HOO�0RO��%LRO����
������

'HYOLQ��5�%���.RUHQ��+�6����������7KH�XVH�RI�TXDQWLWDWLYH�WZR�GLPHQVLRQDO�JHO�HOHFWURSKRUHVLV
WR�DQDO\]H�FKDQJHV�LQ�DOYHRODU�PDFURSKDJH�SURWHLQV�LQ�KXPDQV�H[SRVHG�WR�R]RQH���$P�
-��5HVSLU��&HOO�0RO��%LRO������������
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'HYOLQ��5�%���0F'RQQHOO��:�)���.RUHQ��+�6���%HFNHU��6����������3URORQJHG�H[SRVXUH�RI
KXPDQV�WR������DQG������SSP�R]RQH�UHVXOWV�LQ�LQIODPPDWLRQ�LQ�WKH�OXQJ���3UHVHQWHG�DW�
��UG�DQQXDO�PHHWLQJ�RI�WKH�$LU�	�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ��-XQH��3LWWVEXUJK�
3$��3LWWVEXUJK��3$��$LU�	�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ��SDSHU�QR�����������

'RFNHU\��'�:���6FKZDUW]��-���6SHQJOHU��-�'���������$LU�SROOXWLRQ�DQG�GDLO\�PRUWDOLW\�
DVVRFLDWLRQV�ZLWK�SDUWLFXODWHV�DQG�DFLG�DHURVROV��(QYLURQ��5HV�������������

'UHFKVOHU�3DUNV��'��0���+RUYDWK��6��0���%HGL��-��)���������7KH��HIIHFWLYH�GRVH��FRQFHSW�LQ
ROGHU�DGXOWV�H[SRVHG�WR�R]RQH��([S��*HURQWRO��������������

'UHFKVOHU�3DUNV��'��0���%HGL��-��)���+RUYDWK��6��0���������3XOPRQDU\�IXQFWLRQ�UHVSRQVHV�RI
\RXQJ�DQG�ROGHU�DGXOWV�WR�PL[WXUHV�RI�2���12��DQG�3$1��7R[LFRO��,QG��+HDOWK��������
����

'UHFKVOHU�3DUNV��'��0���%HGL��-��)���+RUYDWK��6��0���������3XOPRQDU\�IXQFWLRQ�UHVSRQVHV�RI
ROGHU�PHQ�DQG�ZRPHQ�WR�R]RQH�H[SRVXUH��([S��*HURQWRO�������������

'XFKHOOH��6��)���6NHOO\��-��0���6KDULFN��7��/���&KHYRQH��%��,���<DQJ��<���1HOOHVVHQ��-��(�
�������(IIHFWV�RI�R]RQH�RQ�WKH�SURGXFWLYLW\�RI�QDWXUDO�YHJHWDWLRQ�LQ�D�KLJK�PHDGRZ�RI
WKH�6KHQDQGRDK�1DWLRQDO�3DUN�RI�9LUJLQLD���-�RI�(QY��0DQDJH�������������

'XFKHOOH��6��)���6NHOO\��-��0���&KHYRQH��%��,���������2[LGDQW�HIIHFWV�RQ�IRUHVW�WUHH�VHHGOLQJ
JURZWK�LQ�WKH�$SSDODFKLDQ�0RXQWDLQV��-�:DWHU��$LU��6RLO�3ROOXW�������������

'XFKHOOH��6��)���6NHOO\��-��0���������7KH�UHVSRQVH�RI�FRPPRQ�PLONZHHG�WR�R[LGDQW�DLU
SROOXWLRQ�LQ�WKH�6KHQDQGRDK�1DWLRQDO�3DUN�RI�9LUJLQLD���3O��'LV�������������

'XJJHU��:��0���-U���7D\ORU��2��&���&DUGLII��(���7KRPSVRQ��&��5���������5HODWLRQVKLS
EHWZHHQ�FDUERK\GUDWH�FRQWHQW�DQG�VXVFHSWLELOLW\�RI�SLQWR�EHDQ�SODQWV�WR�R]RQH�GDPDJH�
3URF��$P��6RF��+RUW��6FL��������������

'XULVFRH��'��0���6WROWH��.��:���������3KRWRFKHPLFDO�R[LGDQW�LQMXU\�WR�SRQGHURVD��3LQXV
SRQGHURVD�'RXJO��H[�/DZV��DQG�-HIIUH\�SLQH��3LQXV�MHIIUH\L�*UHY��DQG�%DOI���LQ�WKH
QDWLRQDO�SDUNV�RI�WKH�6LHUUD�1HYDGD�RI�&DOLIRUQLD��,Q��2OVRQ��5��.���/HIRKQ��$��6���HGV�
(IIHFWV�RI�DLU�SROOXWLRQ�RQ�ZHVWHUQ�IRUHVWV��3LWWVEXUJK��3$��$LU�DQG�:DVWH�0DQDJHPHQW
$VVRFLDWLRQ��SS�����������7UDQVDFWLRQV�VHULHV��QR������

']LHG]LF��'���:ULJKW��(��6���6DUJHQW��1��(���������3XOPRQDU\�UHVSRQVH�WR�R]RQH��UHDFWLRQ�RI
EURQFKXV�DVVRFLDWHG�O\PSKRLG�WLVVXH�DQG�O\PSK�QRGH�O\PSKRF\WHV�LQ�WKH�UDW��(QYLURQ�
5HV��������������
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(GZDUGV��*��6���.HOO\��-��0���������(FWRP\FRUUKL]DO�FRORQL]DWLRQ�RI�OREOROO\�SLQH�VHHGOLQJV
GXULQJ�WKUHH�JURZLQJ�VHDVRQV�LQ�UHVSRQVH�WR�R]RQH��DFLGLF�SUHFLSLWDWLRQ��DQG�VRLO�0J
VWDWXV��(QYLURQ��3ROOXW������������

(GZDUGV��*��6���)ULHQG��$��/���2
1HLOO��(��*���7RPOLQVRQ��3��7���������6HDVRQDO�SDWWHUQV�RI
ELRPDVV�DFFXPXODWLRQ�DQG�FDUERQ�DOORFDWLRQ�LQ�3LQXV�WDHGD�VHHGOLQJV�H[SRVHG�WR�R]RQH�
DFLGLF�SUHFLSLWDWLRQ��DQG�UHGXFHG�VRLO�0J��&DQ��-��)RU��5HV��������������

(GZDUGV��1��7���������5RRW�DQG�VRLO�UHVSLUDWLRQ�UHVSRQVHV�WR�R]RQH�LQ�3LQXV�WDHGD�/�
VHHGOLQJV��1HZ�3K\WRO���������������

(KUOLFK��5���)LQGOD\��-��&���)HQWHUV��-��'���*DUGQHU��'��(���������+HDOWK�HIIHFWV�RI�VKRUW�WHUP
LQKDODWLRQ�RI�QLWURJHQ�GLR[LGH�DQG�R]RQH�PL[WXUHV��(QYLURQ��5HV��������������

(LVVHQVWDW��'��0���6\YHUWVHQ��-��3���'HDQ��7��-���<HOHQRVN\��*���-RKQVRQ��-��'��������
6HQVLWLYLW\�RI�IURVW�UHVLVWDQFH�DQG�JURZWK�LQ�FLWUXV�DQG�DYRFDGR�WR�FKURQLF�R]RQH
H[SRVXUH���1HZ�3K\WRO���������������

(ONLH\��7���2UPURG��'��3��3HOOHWLHU��5��/���������6WRPDWDO�DQG�OHDI�VXUIDFH�IHDWXUHV�DV�UHODWHG
WR�WKH�R]RQH�VHQVLWLYLW\�RI�SHWXQLD�FXOWLYDUV��-��$P��6RF��+RUWLF��6FL���������������

(UQVW��:��+��2���7RQQHLMFN��$��(��&���3DVPDQ��)��-��0���������(FRW\SLF�UHVSRQVH�RI�6LOHQH
FXFXEDOXV�WR�DLU�SROOXWDQWV��62���2����-��3ODQW�3K\VLRO���������������

(VFKHQEDFKHU��:��/���0RRUH��7��%���/RUHQ]HQ��7��-���:HJ��-��*���*URVV��.��%��������
3XOPRQDU\�UHVSRQVHV�RI�DVWKPDWLF�DQG�QRUPDO�VXEMHFWV�WR�GLIIHUHQW�WHPSHUDWXUH�DQG
KXPLGLW\�FRQGLWLRQV�LQ�DQ�HQYLURQPHQWDO�FKDPEHU��/XQJ������������

(XOHU��*�/���$EEH\��'�(���+RGJNLQ��-�(���0DJLH��$�5����������&KURQLF�REVWUXFWLYH
SXOPRQDU\�GLVHDVH�V\PSWRP�HIIHFWV�RI�ORQJ�WHUP�FXPXODWLYH�H[SRVXUH�WR�DPELHQW�OHYHOV
RI�WRWDO�R[LGDQWV�DQG�QLWURJHQ�GLR[LGH�LQ�&DOLIRUQLD�6HYHQWK�GD\�$GYHQWLVW�UHVLGHQWV��
$UFK��(QYLURQ��+HDOWK�������������

(XVWLV��6��/���6FKZDUW]��/��:���.RVFK��3��&���'XQJZRUWK��'��/���������&KURQLF�EURQFKLROLWLV
LQ�QRQKXPDQ�SULPDWHV�DIWHU�SURORQJHG�R]RQH�H[SRVXUH��$P��-��3DWKRO���������������

(YDQV��*��)����������7KH�1DWLRQDO�$LU�3ROOXWLRQ�%DFNJURXQG�1HWZRUN�)LQDO�3URMHFW�5HSRUW�
3URMHFW�6XPPDU\���5HVHDUFK�7ULDQJOH�3DUN��1&��2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW�
(QYLURQPHQWDO�0RQLWRULQJ�6\VWHPV�/DERUDWRU\��(3$�UHSRUW�QR��(3$�����6���������

(YDQV��*��)���)LQNHOVWHLQ��3��/���0DUWLQ��%��(���3RVVLHO��1�&���������2]RQH�0HDVXUHPHQWV
IURP�D�1HWZRUN�RI�5HPRWH�6LWHV��-��$LU�3ROOXW��&RQWURO�$VVRFLDWLRQ������

)DUUHOO��%�3���.HUU��+�'���.XOOH��7�-���6DXGHU��/�5���<RXQJ��-�/���������$GDSWDWLRQ�LQ�KXPDQ
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VXEMHFWV�WR�WKH�HIIHFWV�RI�LQKDOHG�R]RQH�DIWHU�UHSHDWHG�H[SRVXUH��$P��5HY��5HVSLU��'LV�
�������������

)HDJDQV��7�%���%LOOHU��:�)����������'HVFULELQJ�WKH�SURWHFWLRQ�SURYLGHG�E\�DPELHQW�DLU�TXDOLW\
VWDQGDUGV���(QY��3URI�������������

)HGHU��:��$���������8VLQJ�SROOHQ�WR�SUHGLFW�VSHFLHV�UHVSRQVH�WR�R]RQH�VWUHVV��3K\WRSDWKRORJ\
���������

)LOLSRZLF]��&���0F&DXOH\��5�������D��7KH�HIIHFW�RI�FKURQLF�R]RQH�H[SRVXUH�RQ�OXQJ
EHQ]R� �S\UHQH�R[LGDVH��EHQ]SKHWDPLQH�GHPHWK\ODVH�DQG�PRQRDPLQH�R[LGDVH��5HV�
&RPPXQ��&KHP��3DWKRO��3KDUPDFRO��������������

)LOLSRZLF]��&���0F&DXOH\��5�������E��7KH�HIIHFWV�RI�FKURQLF�R]RQH�H[SRVXUH�RQ�SXOPRQDU\
FROODJHQ�FRQWHQW�DQG�FROODJHQ�V\QWKHVLV�LQ�UDWV��-��$SSO��7R[LFRO�����������

)LQFKHU��-���������&RPSDULVRQ�RI�VWUXFWXUDO�FKDQJHV�LQ�UHG�VSUXFH��3LFHD�UXEHQV�6DUJ���GXULQJ
FROG�KDUGHQLQJ�LQ�PDWXUH�WUHHV�DQG�LQ�VHHGOLQJV�XVHG�LQ�SROOXWDQW�H[SRVXUH�VWXGLHV��)RU�
(FRO��0DQDJH��������������

)ROLQVEHH��/��-���'HYOLQ��5��%���%LVFDUGL��5���5REELQV��0���$EGXO�6DODDP��6���.RUHQ��+��6�
�������&KDQJHV�LQ�SXOPRQDU\�IXQFWLRQ�DQG�EUHDWKLQJ�SDWWHUQ�ZLWK�UHSHDWHG�R]RQH
H[SRVXUH�LQ�KXPDQV��0DQXVFULSW�LQ�SUHSDUDWLRQ�

)ROLQVEHH��/��-���+RUVWPDQ��'��+���.HKUO��+��5���+DUGHU��6��'���$EGXO�6DODDP��6���,YHV��3�
-���������5HVSLUDWRU\�UHVSRQVHV�WR�UHSHDWHG�SURORQJHG�H[SRVXUH�WR������SSP�R]RQH�
$P��-��5HVSLU��&ULW��&DUH�0HG��������������

)ROLQVEHH��/��-���+RUVWPDQ��'��+���.HKUO��+��5���0F'RQQHOO��:��)���*HUULW\��7��5���6HDO�
(���/DUVRQ��5���+D]XFKD��0��-���$EGXO�6DODDP��6���)DXFHWWH��%���,YHV��3��-��������
(IIHFWV�RI�VLQJOH�DQG�UHSHDWHG�SURORQJHG�ORZ�OHYHO�R]RQH�H[SRVXUH�LQ�PDQ��3UHVHQWHG
DW��DQQXDO�PHHWLQJ�RI�WKH�6RFLHW\�IRU�2FFXSDWLRQDO�DQG�(QYLURQPHQWDO�+HDOWK��0DUFK�
:DVKLQJWRQ��'&�

)ROLQVEHH��/��-���0F'RQQHOO��:��)���+RUVWPDQ��'��+���������3XOPRQDU\�IXQFWLRQ�DQG
V\PSWRP�UHVSRQVHV�DIWHU�����KRXU�H[SRVXUH�WR������SSP�R]RQH�ZLWK�PRGHUDWH�H[HUFLVH�
-$3&$�����������

)ROLQVEHH��/��-���+RUYDWK��6��0���������3HUVLVWHQFH�RI�WKH�DFXWH�HIIHFWV�RI�R]RQH�H[SRVXUH�
$YLDW��6SDFH�(QYLURQ��0HG����������������
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)ROLQVEHH��/��-���%HGL��-��)���+RUYDWK��6��0���������3XOPRQDU\�IXQFWLRQ�FKDQJHV�DIWHU���K
FRQWLQXRXV�KHDY\�H[HUFLVH�LQ������SSP�R]RQH��-��$SSO��3K\VLRO���5HVSLU��(QYLURQ�
([HUFLVH�3K\VLRO��������������

)ROLQVEHH��/��-���'ULQNZDWHU��%��/���%HGL��-��)���+RUYDWK��6��0���������7KH�LQIOXHQFH�RI
H[HUFLVH�RQ�WKH�SXOPRQDU\�IXQFWLRQ�FKDQJHV�GXH�WR�H[SRVXUH�WR�ORZ�FRQFHQWUDWLRQV�RI
R]RQH��,Q��)ROLQVEHH��/��-���:DJQHU��-��$���%RUJLD��-��)���'ULQNZDWHU��%��/���*OLQHU��-�
$���%HGL��-��)���HGV��(QYLURQPHQWDO�VWUHVV��LQGLYLGXDO�KXPDQ�DGDSWDWLRQV��1HZ�<RUN�
1<��$FDGHPLF�3UHVV��SS����������

)RVWHU��:��0���&RVWD��'��/���/DQJHQEDFN��(��*���������2]RQH�H[SRVXUH�DOWHUV
WUDFKHREURQFKLDO�PXFRFLOLDU\�IXQFWLRQ�LQ�KXPDQV��-��$SSO��3K\VLRO���������������

)UDPSWRQ��0��:���0RUURZ��3��(���*LEE��)��5���6SHHUV��'��0���*DYUDV��-��%���8WHOO��0��-�
�������$LUZD\V�UHVSRQVLYHQHVV�WR�R]RQH�LQ�VPRNHUV�DQG�QRQVPRNHUV��$P��5HY��5HVSLU�
'LV�������$����

)ULHQG��$��/���7RPOLQVRQ��3��7����������0LOG�R]RQH�H[SRVXUH�DOWHUV���&�G\QDPLFV�LQ�IROLDJH
RI�3LQXV�WDHGD�/��7UHH�3K\VLRO�������������

)ULHQG��$��/���7RPOLQVRQ��3��7���'LFNVRQ��5��(���2
1HLOO��(��*���(GZDUGV��1��7���7D\ORU��*�
(���-U����������%LRFKHPLFDO�FRPSRVLWLRQ�RI�OREOROO\�SLQH�UHIOHFWV�SROOXWDQW�H[SRVXUH��
7UHH�3K\VLRO�����������

)ºKUHU��-���*ULPP��$��*���7VFKDQQHQ��:���6KDULDW�0DGDUL��+���������7KH�UHVSRQVH�RI�VSULQJ
ZKHDW��7ULWLFXP�DHVWLYXP�/���WR�R]RQH�DW�KLJKHU�HOHYDWLRQV��,,��FKDQJHV�LQ�\LHOG��\LHOG
FRPSRQHQWV�DQG�JUDLQ�TXDOLW\�LQ�UHVSRQVH�WR�R]RQH�IOX[��1HZ�3K\WRO���������������

)XMLQDND��/��(���+\GH��'��0���3ORSSHU��&��*���7\OHU��:��6���'XQJZRUWK��'��/���/ROOLQL��/�
2���������5HVSLUDWRU\�EURQFKLROLWLV�IROORZLQJ�ORQJ�WHUP�R]RQH�H[SRVXUH�LQ�ERQQHW
PRQNH\V��D�PRUSKRPHWULF�VWXG\��([S��/XQJ�5HV�������������

*HUULW\��7�5���%HQQHWW��:�'���.HKUO��+���'H:LWW��3�-����������0XFRFLOLDU\�FOHDUDQFH�RI
LQKDOHG�SDUWLFOHV�PHDVXUHG�DW���K�DIWHU�R]RQH�H[SRVXUH�LQ�KXPDQV���-��$SSO��3K\VLRO�
��������������

*LEERQV��6��,���$GDPV��:��&���������&RPELQHG�HIIHFWV�RI�R]RQH�H[SRVXUH�DQG�DPELHQW�KHDW�RQ
H[HUFLVLQJ�IHPDOHV��-��$SSO��3K\VLRO���5HVSLU��(QYLURQ��([HUFLVH�3K\VLRO��������������

*LOOHVSLH��&��7���:LQQHU��:��(���������'HYHORSPHQW�RI�OLQHV�RI�UDGLVK�GLIIHULQJ�LQ�UHVLVWDQFH
WR�2��DQG�62���1HZ�3K\WRO���������������

*LOPRXU��0��,���3DUN��3���6HOJUDGH��0��.�������D��2]RQH�HQKDQFHG�SXOPRQDU\�LQIHFWLRQ�ZLWK
6WUHSWRFRFFXV�]RRHSLGHPLFXV�LQ�PLFH��$P��5HY��5HVSLU��'LV���������������



5���

*LOPRXU��0��,���3DUN��3���'RHUIOHU��'���6HOJUDGH��0��.�������E��)DFWRUV�WKDW�LQIOXHQFH�WKH
VXSSUHVVLRQ�RI�SXOPRQDU\�DQWLEDFWHULDO�GHIHQVHV�LQ�PLFH�H[SRVHG�WR�R]RQH��([S��/XQJ
5HV��������������

*LOPRXU��0�,���6HOJUDGH��0�.����������$�FRPSDULVRQ�RI�WKH�SXOPRQDU\�GHIHQVHV�DJDLQVW
VWUHSWRFRFFDO�LQIHFWLRQ�LQ�UDWV�DQG�PLFH�IROORZLQJ�2��H[SRVXUH���GLIIHUHQFHV�LQ�GLVHDVH
VXVFHSWLELOLW\�DQG�QHXWURSKLO�UHFUXLWPHQW���7R[LFRO��$SSO��3KDUPDFRO��������������

*LOPRXU��0��,���+PLHOHVNL��5��5���6WDIIRUG��(��$���-DNDE��*��-���������6XSSUHVVLRQ�DQG
UHFRYHU\�RI�WKH�DOYHRODU�PDFURSKDJH�SKDJRF\WLF�V\VWHP�GXULQJ�FRQWLQXRXV�H[SRVXUH�WR
����SSP�R]RQH��([S��/XQJ�5HV��������������

*OLQHU��-��$���+RUYDWK��6��0���)ROLQVEHH��/��-���������3UHH[SRVXUH�WR�ORZ�R]RQH
FRQFHQWUDWLRQV�GRHV�QRW�GLPLQLVK�WKH�SXOPRQDU\�IXQFWLRQ�UHVSRQVH�RQ�H[SRVXUH�WR
KLJKHU�R]RQH�FRQFHQWUDWLRQV��$P��5HY��5HVSLU��'LV�������������

*ROGVWHLQ��%�'��HW�DO����������9DOGH]�$LU�+HDOWK�6WXG\���$O\HVND�3LSHOLQH�6HUYLFH�&RPSDQ\�
$QFKRUDJH��$ODVND��-XQH�

*RQJ��+���-U���������5HODWLRQVKLS�EHWZHHQ�DLU�TXDOLW\�DQG�WKH�UHVSLUDWRU\�VWDWXV�RI�DVWKPDWLFV
LQ�DQ�DUHD�RI�KLJK�R[LGDQW�SROOXWLRQ�LQ�/RV�$QJHOHV�&RXQW\�>ILQDO�UHSRUW@��6DFUDPHQWR�
&$��&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG��FRQWUDFW�QRV��$���������DQG�$���������

*RQJ��+���-U���%UDGOH\��3��:���6LPPRQV��0��6���7DVKNLQ��'��3���������,PSDLUHG�H[HUFLVH
SHUIRUPDQFH�DQG�SXOPRQDU\�IXQFWLRQ�LQ�HOLWH�F\FOLVWV�GXULQJ�ORZ�OHYHO�R]RQH�H[SRVXUH
LQ�D�KRW�HQYLURQPHQW��$P��5HY��5HVSLU��'LV���������������

*UDQGMHDQ��$���*ULPP��$��*���)ºKUHU��-�������D��7KH�UHVSRQVH�RI�VSULQJ�ZKHDW��7ULWLFXP
DHVWLYXP�/���WR�R]RQH�DW�KLJKHU�HOHYDWLRQV��,��0HDVXUHPHQW�RI�R]RQH�DQG�FDUERQ�GLR[LGH
IOX[HV�LQ�RSHQ�WRS�ILHOG�FKDPEHUV��1HZ�3K\WRO���������������

*UDQGMHDQ��$���*ULPP��$��*���)ºKUHU��-�������E��7KH�UHVSRQVH�RI�VSULQJ�ZKHDW��7ULWLFXP
DHVWLYXP�/���WR�R]RQH�DW�KLJKHU�HOHYDWLRQV��,,,��5HVSRQVHV�RI�OHDI�DQG�FDQRS\�JDV
H[FKDQJH��DQG�FKORURSK\OO�IOXRUHVFHQFH�WR�R]RQH�IOX[���1HZ�3K\WRO���������������

*URVH��(��&���6WHYHQV��0��$���+DWFK��*��(���-DVNRW��5��+���6HOJUDGH��0��-��.���6WHDG��$��*��
&RVWD��'��/���*UDKDP��-��$���������7KH�LPSDFW�RI�D����PRQWK�H[SRVXUH�WR�D�GLXUQDO
SDWWHUQ�RI�R]RQH�RQ�SXOPRQDU\�IXQFWLRQ��DQWLR[LGDQW�ELRFKHPLVWU\�DQG�LPPXQRORJ\��,Q�
6FKQHLGHU��7���/HH��6��'���:ROWHUV��*��-��5���*UDQW��/��'���HGV��$WPRVSKHULF�R]RQH
UHVHDUFK�DQG�LWV�SROLF\�LPSOLFDWLRQV��SURFHHGLQJV�RI�WKH��UG�86�'XWFK�LQWHUQDWLRQDO
V\PSRVLXP��0D\�������1LMPHJHQ��7KH�1HWKHUODQGV��$PVWHUGDP��7KH�1HWKHUODQGV�
(OVHYLHU�6FLHQFH�3XEOLVKHUV��SS������������6WXGLHV�LQ�HQYLURQPHQWDO�VFLHQFH�����
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*URVV��.��%���:KLWH��+��-���6DUJHQW��1��(���������7KH�HIIHFW�RI�R]RQH�LQKDODWLRQ�RQ�PHWDEROLF
IXQFWLRQLQJ�RI�YDVFXODU�HQGRWKHOLXP�DQG�RQ�YHQWLODWRU\�IXQFWLRQ��7R[LFRO��$SSO�
3KDUPDFRO���������������

+DFNQH\��-��'���/LQQ��:��6���6KDPRR��'��$���$YRO��(��/���������5HVSRQVHV�RI�VHOHFWHG
UHDFWLYH�DQG�QRQUHDFWLYH�YROXQWHHUV�WR�R]RQH�H[SRVXUH�LQ�KLJK�DQG�ORZ�SROOXWLRQ
VHDVRQV��,Q��6FKQHLGHU��7���/HH��6��'���:ROWHUV��*��-��5���*UDQW��/��'���HGV�
$WPRVSKHULF�R]RQH�UHVHDUFK�DQG�LWV�SROLF\�LPSOLFDWLRQV��SURFHHGLQJV�RI�WKH��UG�86�
'XWFK�LQWHUQDWLRQDO�V\PSRVLXP��0D\�������1LMPHJHQ��7KH�1HWKHUODQGV��$PVWHUGDP�
7KH�1HWKHUODQGV��(OVHYLHU�6FLHQFH�3XEOLVKHUV��SS������������6WXGLHV�LQ�HQYLURQPHQWDO
VFLHQFH�����

+DFNQH\��-��'���/LQQ��:��6���0RKOHU��-��*���&ROOLHU��&��5�������D��$GDSWDWLRQ�WR�VKRUW�WHUP
UHVSLUDWRU\�HIIHFWV�RI�R]RQH�LQ�PHQ�H[SRVHG�UHSHDWHGO\��-��$SSO��3K\VLRO���5HVSLU�
(QYLURQ��([HUFLVH�3K\VLRO������������

+DFNQH\��-��'���/LQQ��:��6���.DUX]D��6��.���%XFNOH\��5��'���/DZ��'��&���%DWHV��'��9��
+D]XFKD��0���3HQJHOO\��/��'���6LOYHUPDQ��)�������E��(IIHFWV�RI�R]RQH�H[SRVXUH�LQ
&DQDGLDQV�DQG�VRXWKHUQ�&DOLIRUQLDQV��HYLGHQFH�IRU�DGDSWDWLRQ"�$UFK��(QYLURQ��+HDOWK
������������

+DFNQH\��-��'���/LQQ��:��6���%XFNOH\��5��'���+LVORS��+��-���������6WXGLHV�LQ�DGDSWDWLRQ�WR
DPELHQW�R[LGDQW�DLU�SROOXWLRQ��HIIHFWV�RI�R]RQH�H[SRVXUH�LQ�/RV�$QJHOHV�UHVLGHQWV�YV�
QHZ�DUULYDOV��(QYLURQ��+HDOWK�3HUVSHFW��������������

+DLQ��)��3���������,QWHUDFWLRQV�RI�LQVHFWV��WUHHV�DQG�DLU�SROOXWDQWV��7UHH�3K\VLRO������������

+DUNHPD��-��5���0DXGHUO\��-��/���������&RQVHTXHQFHV�RI�SURORQJHG�LQKDODWLRQ�RI�R]RQH�RQ
)����1�UDWV��FROODERUDWLYH�VWXGLHV��SDUW�9��HIIHFWV�RQ�SXOPRQDU\�IXQFWLRQ��&DPEULGJH�
0$��+HDOWK�(IIHFWV�,QVWLWXWH��UHVHDUFK�UHSRUW�QR�����

+DUNHPD��-��5���0RUJDQ��.��7���*URVV��(��$���&DWDODQR��3��-���*ULIILWK��:��&��������
&RQVHTXHQFHV�RI�SURORQJHG�LQKDODWLRQ�RI�R]RQH�RQ�)����1�UDWV��FROODERUDWLYH�VWXGLHV��
3DUW�9,,��HIIHFWV�RQ�WKH�QDVDO�PXFRFLOLDU\�DSSDUDWXV��&DPEULGJH��0$��+HDOWK�(IIHFWV
,QVWLWXWH��UHVHDUFK�UHSRUW�QR�����

+DUNHPD��-��5���3ORSSHU��&��*���+\GH��'��0���6W��*HRUJH��-��$���:LOVRQ��'��:��
'XQJZRUWK��'��/���������5HVSRQVH�RI�PDFDTXH�EURQFKLRODU�HSLWKHOLXP�WR�DPELHQW
FRQFHQWUDWLRQV�RI�R]RQH��$P��-��3DWKRO���������������

+DUNHPD��-��5���+RWFKNLVV��-��$���+HQGHUVRQ��5��)���������(IIHFWV�RI������DQG������SSP
R]RQH�RQ�UDW�QDVDO�DQG�QDVRSKDU\QJHDO�HSLWKHOLDO�PXFRVXEVWDQFHV��TXDQWLWDWLYH
KLVWRFKHPLVWU\��7R[LFRO��3DWKRO��������������
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+DUWZHOO��7�'��HW�DO����������6WXG\�RI�&DUERQ�0RQR[LGH�([SRVXUH�RI�5HVLGHQWV�RI
:DVKLQJWRQ��'�&���DQG�'HQYHU��&RORUDGR��(3$����������������8�6��(QYLURQPHQWDO
3URWHFWLRQ�$JHQF\��5HVHDUFK�7ULDQJOH�3DUN��1RUWK�&DUROLQD��0DUFK�

+D\HV��(��0���6NHOO\��-��0���������7UDQVSRUW�RI�R]RQH�IURP�WKH�QRUWKHDVW�8�6��LQWR�9LUJLQLD
DQG�LWV�HIIHFW�RQ�HDVWHUQ�ZKLWH�SLQHV��3ODQW�'LV��5HS��������������

+D\HV��6��5���5RVHQEDXP��$��6���:DOOVWHQ��7��6���:KLWILHOG��5��*���:LQNOHU��5�/��
5LFKPRQG��+���������$�KHDOWK�ULVN�DVVHVVPHQW�IRU�XVH�LQ�VHWWLQJ�WKH�8�6��SULPDU\
R]RQH�VWDQGDUG��,Q��6FKQHLGHU��7���/HH��6��'���:ROWHUV��*��-��5���*UDQW��/��'���HGV�
$WPRVSKHULF�R]RQH�UHVHDUFK�DQG�LWV�SROLF\�LPSOLFDWLRQV��SURFHHGLQJV�RI�WKH��UG�86�
'XWFK�LQWHUQDWLRQDO�V\PSRVLXP��0D\�������1LMPHJHQ��7KH�1HWKHUODQGV��$PVWHUGDP�
7KH�1HWKHUODQGV��(OVHYLHU�6FLHQFH�3XEOLVKHUV��SS������������6WXGLHV�LQ�HQYLURQPHQWDO
VFLHQFH�����

+D\HV��6�5���5RVHQEDXP��$�6���:DOOVWHQ��7�6���:KLWILHOG��5�*���:LQNOHU��5�/��������
$VVHVVPHQW�RI�OXQJ�IXQFWLRQ�DQG�V\PSWRP�KHDOWK�ULVNV�DVVRFLDWHG�ZLWK�DWWDLQPHQW�RI
DOWHUQDWLYH�R]RQH�1$$46��6\VWHPV�$SSOLFDWLRQV��,QF���6DQ�5DIDHO��&$��GUDIW�ILQDO
UHSRUW�1R��6<6$33�����������)RU�FRSLHV��FRQWDFW�+DUYH\�0��5LFKPRQG��8�6�
(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��2$436��0'�����5HVHDUFK�7ULDQJOH�3DUN��1�&�
�����������������������

+D]XFKD��0�-���0DGGHQ��0���3DSH��*���%HFNHU��6���'HYOLQ��5�%���.RUHQ��+�6���.HKUO��+��
%URPEHUJ��3�$����������(IIHFWV�RI�F\FORR[\JHQDVH�LQKLELWLRQ�RQ�R]RQH�LQGXFHG
UHVSLUDWRU\�LQIODPPDWLRQ�DQG�OXQJ�IXQFWLRQ�FKDQJHV���(XU��-��$SSO��3K\VLRO��2FFXS�
0HG���LQ�SUHVV�

+D]XFKD��0��-���)ROLQVEHH��/��-���6HDO��(���-U���������(IIHFWV�RI�VWHDG\�VWDWH�DQG�YDULDEOH
R]RQH�FRQFHQWUDWLRQ�SURILOHV�RQ�SXOPRQDU\�IXQFWLRQ��$P��5HY��5HVSLU��'LV������������
�����

+D]XFKD��0��-���������5HODWLRQVKLS�EHWZHHQ�R]RQH�H[SRVXUH�DQG�SXOPRQDU\�IXQFWLRQ�FKDQJHV�
-��$SSO��3K\VLRO����������������

+HDJOH��$��6���0F/DXJKOLQ��0��5���0LOOHU��-��(���-R\QHU��5��/���6SUXLOO��6��(��������
$GDSWDWLRQ�RI�D�ZKLWH�FORYHU�SRSXODWLRQ�WR�R]RQH�VWUHVV��1HZ�3K\WRO�������������

+HDJOH��$��6���.UHVV��/��:���7HPSOH��3��-���.RKXW��5��-���0LOOHU��-��(���+HJJHVWDG��+��(�
�����D��)DFWRUV�LQIOXHQFLQJ�R]RQH�GRVH�\LHOG�UHVSRQVH�UHODWLRQVKLSV�LQ�RSHQ�WRS�ILHOG
FKDPEHU�VWXGLHV��,Q��+HFN��:��:���7D\ORU��2��&���7LQJH\��7��'��HGV��$VVHVVPHQW�RI
FURS�ORVV�IURP�DLU�SROOXWDQWV��SURFHHGLQJV�RI�DQ�LQWHUQDWLRQDO�FRQIHUHQFH��2FWREHU�
������5DOHLJK��1&��1HZ�<RUN��1<��(OVHYLHU�$SSOLHG�6FLHQFH��SS����������

+HDJOH��$��6���0LOOHU��-��(���+HFN��:��:���3DWWHUVRQ��5��3�������E��,QMXU\�DQG�\LHOG�UHVSRQVH
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RI�FRWWRQ�WR�FKURQLF�GRVHV�RI�R]RQH�DQG�VRLO�PRLVWXUH�GHILFLW��-��(QYLURQ��4XDO�����
��������

+HDJOH��$��6���+HFN��:��:���/HVVHU��9��0���5DZOLQJV��-��2���������(IIHFWV�RI�GDLO\�R]RQH
H[SRVXUH�GXUDWLRQ�DQG�FRQFHQWUDWLRQ�IOXFWXDWLRQ�RQ�\LHOG�RI�WREDFFR��3K\WRSDWKRORJ\
������������

+HDJOH��$��6���/HWFKZRUWK��0��%���������5HODWLRQVKLSV�DPRQJ�LQMXU\��JURZWK��DQG�\LHOG
UHVSRQVHV�RI�VR\EHDQ�FXOWLYDUV�H[SRVHG�WR�R]RQH�DW�GLIIHUHQW�OLJKW�LQWHQVLWLHV��-�
(QYLURQ��4XDO�������������

+HDJOH��$��$�����������(IIHFWV�RI�JURZWK�PHGLD��IHUWLOL]HU�UDWH�DQG�KRXU�DQG�VHDVRQ�RI
H[SRVXUH�RQ�VHQVLWLYLW\�RI�IRXU�VR\EHDQ�FXOWLYDUV�WR�R]RQH��(QYLURQ��3ROOXW����������
����

+HDWK��5��/���������%LRFKHPLFDO�PHFKDQLVPV�RI�SROOXWDQW�VWUHVV���,Q��+HFN��:��:���7D\ORU�
2��&���7LQJH\��'��7��HGV��$VVHVVPHQW�RI�FURS�ORVV�IURP�DLU�SROOXWDQWV��SURFHHGLQJV�RI
DQ�LQWHUQDWLRQDO�FRQIHUHQFH��2FWREHU��������5DOHLJK��1&��1HZ�<RUN��1<��(OVHYLHU
$SSOLHG�6FLHQFH��SS����������

+HFKWHU��+�+���*ROGVPLWK��-�5����������$LU�SROOXWLRQ�DQG�GDLO\�PRUWDOLW\��$P��-��0HG��6FL�
�������������

+HFN��:��:���+HDJOH��-��(���0LOOHU��-��(����������)DFWRUV�DIIHFWLQJ�SODQW�UHVSRQVH�WR�R]RQH�
DQ�RYHUYLHZ���,Q��.XWWOHU��:���-RFKLPVHQ��0���HGV��,PPLVVLRQVRNRORJLVFKH�)RUVFKXQJ
LP�:DQGHO�GHU�6HLW�)HVWVFKULIW�IXU�5REHUW�*XGHULDQ��:HVWDUS�:LVVHQVFKDIWHQ�
8KOLFKVWUDVVH��SS����������

+HFN��:��:���&XUH��:��:���5DZOLQJV��-��2���=DUDJR]D��/��-���+HDJOH��$��6���+HJJHVWDG��+�
(���.RKXW��5��-���.UHVV��/��:���7HPSOH��3��-���������$VVHVVLQJ�LPSDFWV�RI�R]RQH�RQ
DJULFXOWXUDO�FURSV��,,��FURS�\LHOG�IXQFWLRQV�DQG�DOWHUQDWLYH�H[SRVXUH�VWDWLVWLFV��-��$LU
3ROOXW��&RQWURO�$VVRF��������������

+HJJHVWDG��+��(���$QGHUVRQ��(��/���*LVK��7��-���/HH��(��+���������(IIHFWV�RI�R]RQH�DQG�VRLO
ZDWHU�GHILFLW�RQ�URRWV�DQG�VKRRWV�RI�ILHOG�JURZQ�VR\EHDQV��(QYLURQ��3ROOXW�����
��������

+HOG��$��$���0RRQH\��+��$���*RUKDP��-��1���������$FFOLPDWLRQ�WR�R]RQH�VWUHVV�LQ�UDGLVK��OHDI
GHPRJUDSK\�DQG�SKRWRV\QWKHVLV��1HZ�3K\WRO��������������

+HQGHUVRQ��5��)���+RWFKNLVV��-��$���&KDQJ��,��<���6FRWW��%��5���+DUNHPD��-��5���������(IIHFW
RI�FXPXODWLYH�H[SRVXUH�RQ�QDVDO�UHVSRQVH�WR�R]RQH���7R[LFRO��$SSO��3KDUPDFRO������
������
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+HUVWURP��$���:��+RJVHWW��'��7LQJH\��(��/HH��DQG�'��3KLOOLSV����������8VLQJ�D�JHRJUDSKLFDO
LQIRUPDWLRQ�V\VWHP�WR�HVWLPDWH�R]RQH�H[SRVXUH�RYHU�IRUHVWV�DFURVV�WKH�8QLWHG�6WDWHV
�6XEPLWWHG�IRU�SXEOLFDWLRQ��

+LJJLQV��,��7��7���'
$UF\��-��%���*LEERQV��'��,���$YRO��(��/���*URVV��.��%���������(IIHFW�RI
H[SRVXUHV�WR�DPELHQW�R]RQH�RQ�YHQWLODWRU\�OXQJ�IXQFWLRQ�LQ�FKLOGUHQ��$P��5HY��5HVSLU�
'LV�����������������

+LJKILOO��-��:���&RVWD��'��/���������6WDWLVWLFDO�UHVSRQVH�PRGHOV�IRU�R]RQH�H[SRVXUH��WKHLU
JHQHUDOLW\��ZKHQ�DSSOLHG�WR�KXPDQ�VSLURPHWULF�DQG�DQLPDO�SHUPHDELOLW\�IXQFWLRQV�RI�WKH
OXQJ��-��$LU�:DVWH�0DQDJH��$VVRF�������������

+LJKILOO��-��:���+DWFK��*��(���6ODGH��5���&ULVVPDQ��.��0���1RUZRRG��-���'HYOLQ��5��%��
&RVWD��'��/���������&RQFHQWUDWLRQ�WLPH�PRGHOV�IRU�WKH�HIIHFWV�RI�R]RQH�RQ
EURQFKRDOYHRODU�ODYDJH�IOXLG�SURWHLQ�IURP�UDWV�DQG�JXLQHD�SLJV��,QKDODWLRQ�7R[LFRO����
�����

+LURVKLPD��.���.RKQR��7���2KZDGD��+���+D\DVKL��<���������0RUSKRORJLFDO�VWXG\�RI�WKH
HIIHFWV�RI�R]RQH�RQ�UDW�OXQJ��,,��ORQJ�WHUP�H[SRVXUH��([S��0RO��3DWKRO��������������

+RGJNLQ��-�(���$EEH\��'�(���(XOHU��*�/���0DJLH��$�5���������&23'�SUHYDOHQFH�LQ
QRQVPRNHUV�LQ�KLJK�DQG�ORZ�SKRWRFKHPLFDO�DLU�SROOXWLRQ�DUHDV��&KHVW�������������

+RHN��*���%UXQHNUHHI��%���.RVWHULQN��3���9DQ�GHQ�%HUJ��5���+RIVFKUHXGHU��3�������D��(IIHFW
RI�DPELHQW�R]RQH�RQ�SHDN�H[SLUDWRU\�IORZ�RI�H[HUFLVLQJ�FKLOGUHQ�LQ�WKH�1HWKHUODQGV�
$UFK��(QYLURQ��+HDOWK�����������

+RHN��*���)LVFKHU��3���%UXQHNUHHI��%���/HEUHW��(���+RIVFKUHXGHU��3���0HQQHQ��0��*�������E�
$FXWH�HIIHFWV�RI�DPELHQW�R]RQH�RQ�SXOPRQDU\�IXQFWLRQ�RI�FKLOGUHQ�LQ�WKH�1HWKHUODQGV�
$P��5HY��5HVSLU��'LV���������������

+RJVHWW��:��(���+HUVWURP��$��$���/DXUHQFH��-��$���/HH��(��+���:HEHU��-��(���7LQJH\��'��7�
��������5LVN�FKDUDFWHUL]DWLRQ�RI�WURSRVSKHULF�R]RQH�WR�IRUHVWV���LQ�&RPSDUDWLYH�5LVN
$QDO\VLV�DQG�3ULRULW\�6HWWLQJ�IRU�$LU�3ROOXWLRQ�,VVXHV���3URFHHGLQJV�RI�WKH��WK�8�6��
'XWFK�,QWHUQDWLRQDO�6\PSRVLXP���3LWWVEXUJK��3$���$LU�DQG�:DVWH�0DQDJHPHQW
$VVRFLDWLRQ����������

+RJVHWW��:��(���7LQJH\��'��7���+HQGULFNV��&���5RVVL��'���������6HQVLWLYLW\�RI�ZHVWHUQ
FRQLIHUV�WR�62��DQG�VHDVRQDO�LQWHUDFWLRQ�RI�DFLG�IRJ�DQG�R]RQH��,Q��2OVRQ��5��.��
/HIRKQ��$��6���HGV��7UDQVDFWLRQV��HIIHFWV�RI�DLU�SROOXWLRQ�RQ�ZHVWHUQ�IRUHVWV��-XQH�
$QDKHLP��&$��3LWWVEXUJK��3$��$LU�3ROOXWLRQ�&RQWURO�$VVRFLDWLRQV��SS����������

+RJVHWW��:��(���3ORFKHU��0���:LOGPDQ��9���7LQJH\��'��7���%HQQHWW��-��3�������D��*URZWK
UHVSRQVH�RI�WZR�YDULHWLHV�RI�VODVK�SLQH�VHHGOLQJV�WR�FKURQLF�R]RQH�H[SRVXUHV��&DQ��-�
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%RW����������������

+RJVHWW��:��(���7LQJH\��'��7���+ROPDQ��6��5�������E��$�SURJUDPPDEOH�H[SRVXUH�FRQWURO
V\VWHP�IRU�GHWHUPLQDWLRQ�RI�WKH�HIIHFWV�RI�SROOXWDQW�H[SRVXUH�UHJLPHV�RQ�SODQW�JURZWK�
$WPRV��(QYLURQ����������������

+ROJXLQ��$��+���%XIIOHU��3��$���&RQWDQW��&��)���-U���6WRFN��7��+���.RWFKPDU��'���+VL��%��3��
-HQNLQV��'��(���*HKDQ��%��0���1RHO��/��0���0HL��0���������7KH�HIIHFWV�RI�R]RQH�RQ
DVWKPDWLFV�LQ�WKH�+RXVWRQ�DUHD��,Q��/HH��6��'���HG��(YDOXDWLRQ�RI�WKH�VFLHQWLILF�EDVLV�IRU
R]RQH�R[LGDQWV�VWDQGDUGV��SURFHHGLQJV�RI�DQ�$3&$�LQWHUQDWLRQDO�VSHFLDOW\�FRQIHUHQFH�
1RYHPEHU�������+RXVWRQ��7;��3LWWVEXUJK��3$��$LU�3ROOXWLRQ�&RQWURO�$VVRFLDWLRQ��SS�
����������$3&$�LQWHUQDWLRQDO�VSHFLDOW\�FRQIHUHQFH�WUDQVDFWLRQV��75����

+RUVW��5���'XII��0�������D����&RQFHQWUDWLRQ�GDWD�WUDQVIRUPDWLRQ�DQG�WKH�TXDGUDWLF�UROOEDFN
PHWKRGRORJ\��5RXQG����5HYLVHG����8QSXEOLVKHG�PHPRUDQGXP�WR�5��5RGU«JXH]��8�6�
(3$��-XQH���

+RUVW��5�������E����7UDQVPLVVLRQ�RI�IXOO�VHW�RI�GDWD�IRU�50)�DQDO\VLV���8QSXEOLVKHG
PHPRUDQGXP�WR�5��5RGU«JXH]��8�6��(3$��1RYHPEHU���

+RUVWPDQ��'�+���%DOO��%�$���)ROLQVEHH��/�-���%URZQ��-���*HUULW\��7���������&RPSDULVRQ�RI
SXOPRQDU\�UHVSRQVHV�RI�DVWKPDWLF�DQG�QRQDVWKPDWLF�VXEMHFWV�SHUIRUPLQJ�OLJKW�H[HUFLVH
ZKLOH�H[SRVHG�WR�D�ORZ�OHYHO�RI�R]RQH���7R[LFRO��,QG��+HDOWK��LQ�SUHVV�

+RUVWPDQ��'�+���)ROLQVEHH��/�-���,YHV��3�-���$EGXO�6DODDP��6���0F'RQQHOO��:�)��������
2]RQH�FRQFHQWUDWLRQ�DQG�SXOPRQDU\�UHVSRQVH�UHODWLRQVKLSV�IRU�����KRXU�H[SRVXUHV�ZLWK
ILYH�KRXUV�RI�PRGHUDWH�H[HUFLVH�WR�������������DQG������SSP��$P��5HY��5HVSLU��'LV�
���������������

+RUYDWK��6��0���%HGL��-��)���'UHFKVOHU�3DUNV��'��0���:LOOLDPV��5��(���������$OWHUDWLRQV�LQ
SXOPRQDU\�IXQFWLRQ�SDUDPHWHUV�GXULQJ�H[SRVXUH�WR����SSE�R]RQH�IRU�����KRXUV�LQ
KHDOWK\�PLGGOH�DJHG�LQGLYLGXDOV��,Q��%HUJOXQG��5��/���/DZVRQ��'��5���0F.HH��'��-��
HGV��7URSRVSKHULF�R]RQH�DQG�WKH�HQYLURQPHQW��SDSHUV�IURP�DQ�LQWHUQDWLRQDO�FRQIHUHQFH�
0DUFK�������/RV�$QJHOHV��&$��3LWWVEXUJK��3$��$LU�	�:DVWH�0DQDJHPHQW
$VVRFLDWLRQ��SS����������$	:0$�WUDQVDFWLRQ�VHULHV�QR��75�����

+RUYDWK��6��0���*OLQHU��-��$���)ROLQVEHH��/��-���������$GDSWDWLRQ�WR�R]RQH��GXUDWLRQ�RI�HIIHFW�
$P��5HY��5HVSLU��'LV���������������

+RWFKNLVV��-��$���+DUNHPD��-��5���6XQ��-��'���+HQGHUVRQ��5��)�������D��&RPSDULVRQ�RI�DFXWH
R]RQH�LQGXFHG�QDVDO�DQG�SXOPRQDU\�LQIODPPDWRU\�UHVSRQVHV�LQ�UDWV��7R[LFRO��$SSO�
3KDUPDFRO��������������

+RWFKNLVV��-��$���+DUNHPD��-��5���.LUNSDWULFN��'��7���+HQGHUVRQ��5��)�������E��5HVSRQVH�RI
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UDW�DOYHRODU�PDFURSKDJHV�WR�R]RQH��TXDQWLWDWLYH�DVVHVVPHQW�RI�SRSXODWLRQ�VL]H�
PRUSKRORJ\��DQG�SUROLIHUDWLRQ�IROORZLQJ�DFXWH�H[SRVXUH��([S��/XQJ�5HV�����������

+RXVWRQ��'��%���'RFKLQJHU��/��6����������(IIHFWV�RI�DPELHQW�DLU�SROOXWLRQ�RQ�FRQH��VHHG��DQG
SROOHQ�FKDUDFWHULVWLFV�LQ�HDVWHUQ�ZKLWH�DQG�UHG�SLQHV���(QYLURQ��3ROOXW����������

+RZLWW��5��(�������D����&DOLEUDWLRQ�PHWKRGV�IRU�DJULFXOWXUDO�HFRQRPLF�SURGXFWLRQ�PRGHOV��
-RXUQDO�RI�$JULFXOWXUDO�(FRQRPLFV���9RO���������������

+RZLWW��5��(�������E����3RVLWLYH�PDWKHPDWLFDO�SURJUDPPLQJ���$PHULFDQ�-RXUQDO�RI
$JULFXOWXUDO�(FRQRPLFV���9RO�������VWDUWV�S������

+\GH��'��0���+XEEDUG��:��&���:RQJ��9���:X��5���3LQNHUWRQ��.���3ORSSHU��&��*��������
2]RQH�LQGXFHG�DFXWH�WUDFKHREURQFKLDO�HSLWKHOLDO�LQMXU\��UHODWLRQVKLS�WR�JUDQXORF\WH
HPLJUDWLRQ�LQ�WKH�OXQJ��$P��-��5HVSLU��&HOO�0RO��%LRO�������������

-DFREVRQ��-��6���������7KH�HIIHFWV�RI�SKRWRFKHPLFDO�R[LGDQWV�RQ�YHJHWDWLRQ��,Q��2]RQ�XQG
%HJOHLWVXEVWDQ]HQ�LP�SKRWRFKHPLVFKHQ�6PRJ��GDV�.ROORTXLXP�>2]RQH�DQG�UHODWHG
VXEVWDQFHV�LQ�SKRWRFKHPLFDO�VPRJ��WKH�FROORTXLXP@��6HSWHPEHU�������'XVVHOGRUI�
)HGHUDO�5HSXEOLF�RI�*HUPDQ\��'XVVHOGRUI��)HGHUDO�5HSXEOLF�RI�*HUPDQ\��9',�9HUODJ
*PE+��SS������������9',�%HULFKWH�QU�������

-DNDE��*��-���6SDQQKDNH��(��:���&DQQLQJ��%��-���.OHHEHUJHU��6��5���*LOPRXU��0��,��������
7KH�HIIHFWV�RI�R]RQH�RQ�LPPXQH�IXQFWLRQ��(QYLURQ��+HDOWK�3HUVSHFW�������VXSSO���������
����

-DNDE��*��-���%DVVHWW��'��-��3���������,QIOXHQ]D�YLUXV�LQIHFWLRQ��R]RQH�H[SRVXUH��DQG
ILEURJHQHVLV��$P��5HY��5HVSLU��'LV�����������������

-RKQVRQ��'��:����7D\ORU��*��(���������5ROH�RI�DLU�SROOXWLRQ�LQ�IRUHVW�GHFOLQH�LQ�HDVWHUQ�1RUWK
$PHULFD���:DWHU�$LU�6RLO�3ROOXW������������

-RKQVRQ��7�5����������/HWWHU�5HSRUW���(YDOXDWLRQ�RI�DLU�TXDOLW\�DGMXVWPHQW�SURFHGXUH�IRU
S1(0�2����3UHSDUHG�E\�,7�$LU�4XDOLW\�6HUYLFHV�IRU�8�6��(3$��2$436��5HVHDUFK
7ULDQJOH�3DUN��1&��$XJXVW������)RU�FRSLHV��FRQWDFW�+DUYH\�0��5LFKPRQG��2$436�
0'�����5HVHDUFK�7ULDQJOH�3DUN��1&������������������������

-RKQVRQ��7��5����������/HWWHU�5HSRUW��(QKDQFHPHQWV�WR�WKH�S1(0�VXPPHU�FDPS
PHWKRGRORJ\��3UHSDUHG�E\�,7�$LU�4XDOLW\�6HUYLFHV�IRU�8�6��(3$��2$436��5HVHDUFK
7ULDQJOH�3DUN��1&��0DUFK�������)RU�FRSLHV��FRQWDFW�+DUYH\�0��5LFKPRQG��8�6�
(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��2$436��0'�����5HVHDUFK�7ULDQJOH�3DUN��1�&�
�����������������������

-RKQVRQ��7�5����������$�VWXG\�RI�KXPDQ�DFWLYLW\�SDWWHUQV�LQ�&LQFLQQDWL��2KLR��SUHSDUHG�E\�3(,
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$VVRFLDWHV��,QF��IRU�(OHFWULF�3RZHU�5HVHDUFK�,QVWLWXWH��3DOR�$OWR��DYDLODEOH�IURP�7HG
-RKQVRQ��,7�&RUSRUDWLRQ�������8QLYHUVLW\�'ULYH��'XUKDP��1RUWK�&DUROLQD�������

-RKQVRQ��7�5����������$�6WXG\�RI�3HUVRQDO�([SRVXUH�WR�&DUERQ�0RQR[LGH�LQ�'HQYHU�
&RORUDGR���(3$����������������8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��5HVHDUFK
7ULDQJOH�3DUN��1RUWK�&DUROLQD��0DUFK�

-RKQVRQ��7��&DSHO��-���0R]LHU��-���0F&R\��0�������D����(VWLPDWLRQ�RI�R]RQH�H[SRVXUHV
H[SHULHQFHG�E\�RXWGRRU�FKLOGUHQ�LQ�QLQH�XUEDQ�DUHDV�XVLQJ�D�SUREDELOLVWLF�YHUVLRQ�RI
1(0���3UHSDUHG�E\�,7�$LU�4XDOLW\�6HUYLFHV�IRU�8�6��(3$��2$436��5HVHDUFK�7ULDQJOH
3DUN��1&��$XJXVW�

-RKQVRQ��7���&DSHO��-���0F&R\��0���0R]LHU��-�������E��(VWLPDWLRQ�RI�R]RQH�H[SRVXUHV
H[SHULHQFHG�E\�RXWGRRU�ZRUNHUV�LQ�QLQH�XUEDQ�DUHDV�XVLQJ�D�SUREDELOLVWLF�YHUVLRQ�RI
1(0���3UHSDUHG�E\�,7�$LU�4XDOLW\�6HUYLFHV�IRU�8�6��(3$��2$436��5HVHDUFK�7ULDQJOH
3DUN��1&��$XJXVW�

-RKQVRQ��7���&DSHO��-���0F&R\��0�����������(VWLPDWLRQ�RI�R]RQH�H[SRVXUHV�H[SHULHQFHG�E\
XUEDQ�UHVLGHQWV�XVLQJ�D�SUREDELOLVWLF�YHUVLRQ�RI�1(0�DQG������SRSXODWLRQ�GDWD��
3UHSDUHG�E\�,7�$LU�4XDOLW\�6HUYLFHV�IRU�8�6��(3$��2$436��5HVHDUFK�7ULDQJOH�3DUN�
1&��'HFHPEHU������

-RQHV��.�+����������7KH������������2]RQH�GDWD�%DVH�DQG�,WV�,PSOLFDWLRQV�5HODWLYH�WR
&XUUHQWO\�'HVLJQDWHG�2]RQH�1RQDWWDLQPHQW�$UHD�5HJXODWRU\�3URJUDPV���LQ
7UDQVDFWLRQV�RI�7URSRVSKHULF�2]RQH��1RQDWWDLQPHQW�DQG�'HVLJQ�9DOXH�,VVXHV��%RVWRQ�
0$�

-RQHV��.�+����������8UEDQ�$LU�4XDOLW\���LQ�(QYLURQPHQWDO�4XDOLW\��������&RXQFLO�RQ
(QYLURQPHQWDO�4XDOLW\��:DVKLQJWRQ��'�&�

.DUQRVN\��'��)���������$LU�SROOXWLRQ�LQGXFHG�SRSXODWLRQ�FKDQJHV�LQ�1RUWK�$PHULFDQ�IRUHVWV�
,Q��%XFKHU��-��%���%XFKHU�:DOOLQ��,���HGV��$LU�SROOXWLRQ�DQG�IRUHVW�GHFOLQH��Y��,��SS�
��������

.DUQRVN\��'��)���������&KDQJHV�LQ�HDVWHUQ�ZKLWH�SLQH�VWDQGV�UHODWHG�WR�R]RQH�VWUHVV��0LWW�
)RUVWO��%XQGHVYHUVXFKVDQVW��:LHQ������������

.HDUQV��(��9���$VVPDQQ��6�0���������7KH�JXDUG�FHOO�HQYLURQPHQW�FRQQHFWLRQ��3ODQW�3K\VLRO�
������������

.HOOHU��7���������*URZWK�DQG�SUHPDWXUH�OHDI�IDOO�LQ�$PHULFDQ�DVSHQ�DV�ELRLQGLFDWLRQV�IRU
R]RQH��(QYLURQ��3ROOXW��������������

.HOO\��1�$���:ROII��*�7���DQG�)HUPDQ��0�$����������6RXUFHV�DQG�VLQNV�RI�R]RQH�LQ�UXUDO
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DUHDV���$WPRVSKHULF�(QYLURQPHQW���������������

.HOO\��1�$���:ROII��*�7���)HUPDQ��0�$����������%DFNJURXQG�SROOXWDQW�PHDVXUHPHQWV�LQ�DLU
PDVVHV�DIIHFWLQJ�WKH�HDVWHUQ�KDOI�RI�WKH�8QLWHG�6WDWHV�,��DLU�PDVVHV�DUULYLQJ�IURP�WKH
QRUWKZHVW��$WPRV��(QYLURQ����������������

.LOEXUQ��.��+���:DUVKDZ��5��+���7KRUQWRQ��-��&���������([SLUDWRU\�IORZV�GHFUHDVHG�LQ�/RV
$QJHOHV�&KLOGUHQ�IURP������WR�������LV�WKLV�HYLGHQFH�RI�HIIHFWV�RI�DLU�SROOXWLRQ"
(QYLURQ��5HV��������������

.LQJ��7�(���-U����������%URQFKLROLWLV���,Q��6FKZDU]��0�,���.LQJ��7�(���-U���HGV���,QWHUVWLWLDO
OXQJ�GLVHDVH����QG�HG��6W��/RXLV��02��0RVE\�<HDU�%RRN��SS����������

.LQQH\��3��/����]ND\QDN��+���������$VVRFLDWLRQV�RI�GDLO\�PRUWDOLW\�DQG�DLU�SROOXWLRQ�LQ�/RV
$QJHOHV�&RXQW\��(QYLURQ��5HV�������������

.LQQH\��3��/���:DUH��-��+���6SHQJOHU��-��'���'RFNHU\��'��:���6SHL]HU��)��(���)HUULV��%��*��
-U���������6KRUW�WHUP�SXOPRQDU\�IXQFWLRQ�FKDQJH�LQ�DVVRFLDWLRQ�ZLWK�R]RQH�OHYHOV��$P�
5HY��5HVSLU��'LV�������������

.RHQLJ��-��4���&RYHUW��'��6���6PLWK��0��6���9DQ�%HOOH��*���3LHUVRQ��:��(���������7KH
SXOPRQDU\�HIIHFWV�RI�R]RQH�DQG�QLWURJHQ�GLR[LGH�DORQH�DQG�FRPELQHG�LQ�KHDOWK\�DQG
DVWKPDWLF�DGROHVFHQW�VXEMHFWV��7R[LFRO��,QG��+HDOWK������������

.RHQLJ��-��4���&RYHUW��'��6���0DUVKDOO��6��*���9DQ�%HOOH��*���3LHUVRQ��:��(���������7KH
HIIHFWV�RI�R]RQH�DQG�QLWURJHQ�GLR[LGH�RQ�SXOPRQDU\�IXQFWLRQ�LQ�KHDOWK\�DQG�LQ�DVWKPDWLF
DGROHVFHQWV��$P��5HY��5HVSLU��'LV�����������������

.RHQLJ��-��4���&RYHUW��'��6���0RUJDQ��0��6���+RULNH��0���+RULNH��1���0DUVKDOO��6��*��
3LHUVRQ��:��(���������$FXWH�HIIHFWV�RI������SSP�R]RQH�RU������SSP�QLWURJHQ�GLR[LGH
RQ�SXOPRQDU\�IXQFWLRQ�LQ�KHDOWK\�DQG�DVWKPDWLF�DGROHVFHQWV��$P��5HY��5HVSLU��'LV�
�������������

.ROD]��'�-��DQG�5�/��6ZLQIRUG���������+RZ�WR�5HPRYH�WKH�,QIOXHQFH�RI�0HWHRURORJ\�IURP
WKH�&KLFDJR�$UHD�2]RQH�7UHQG���SUHVHQWHG�DW�WKH�$LU�DQG�:DVWH�0DQDJHPHQW
$VVRFLDWLRQ���UG�$QQXDO�0HHWLQJ��3LWWVEXUJK��3$�

.RSS��5���9DXJKQ��:���+D]LOOD��0���&DUVRQ��5���������,PSOLFDWLRQV�RI�HQYLURQPHQWDO�SROLF\
IRU�8�6��DJULFXOWXUH��WKH�&DVH�RI�DPELHQW�R]RQH�VWDQGDUGV���-��(QYLURQ��(FRQ��0DQDJH�
����������

.RUHQ��+��6���'HYOLQ��5��%���%HFNHU��6���3HUH]��5���0F'RQQHOO��:��)���������7LPH�
GHSHQGHQW�FKDQJHV�RI�PDUNHUV�DVVRFLDWHG�ZLWK�LQIODPPDWLRQ�LQ�WKH�OXQJV�RI�KXPDQV
H[SRVHG�WR�DPELHQW�OHYHOV�RI�R]RQH��7R[LFRO��3DWKRO��������������
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.RUHQ��+��6���'HYOLQ��5��%���*UDKDP��'��(���0DQQ��5���0F*HH��0��3���+RUVWPDQ��'��+��
.R]XPER��:��-���%HFNHU��6���+RXVH��'��(���0F'RQQHOO��:��)���%URPEHUJ��3��$�
�����D��2]RQH�LQGXFHG�LQIODPPDWLRQ�LQ�WKH�ORZHU�DLUZD\V�RI�KXPDQ�VXEMHFWV��$P�
5HY��5HVSLU��'LV���������������

.RUHQ��+��6���'HYOLQ��5��%���*UDKDP��'��(���0DQQ��5���0F'RQQHOO��:��)�������E��7KH
LQIODPPDWRU\�UHVSRQVH�LQ�KXPDQ�OXQJ�H[SRVHG�WR�DPELHQW�OHYHOV�RI�R]RQH��,Q�
6FKQHLGHU��7���/HH��6��'���:ROWHUV��*��-��5���*UDQW��/��'���HGV��$WPRVSKHULF�R]RQH
UHVHDUFK�DQG�LWV�SROLF\�LPSOLFDWLRQV��SURFHHGLQJV�RI�WKH��UG�86�'XWFK�LQWHUQDWLRQDO
V\PSRVLXP��0D\�������1LMPHJHQ��7KH�1HWKHUODQGV��$PVWHUGDP��7KH�1HWKHUODQGV�
(OVHYLHU�6FLHQFH�3XEOLVKHUV��SS������������6WXGLHV�LQ�HQYLURQPHQWDO�VFLHQFH�����

.RUPDQLN��3��3���5XHKOH��-��/���0XVH��+��'����������)UHTXHQF\�GLVWULEXWLRQ�DQG�KHULWDELOLW\
RI�ILUVW�RUGHU�ODWHUDO�URRWV�LQ�OREOROO\�SLQH�VHHGOLQJV���)RUHVW�6FL����������������

.RUPDQLN��3��3����������/DWHUDO�URRW�PRUSKRORJ\�DV�DQ�H[SUHVVLRQ�RI�VZHHWJXP�VHHGOLQJ
TXDOLW\���)RUHVW�6FL����������������

.RVWND�5LFN��5���0DQQLQJ��:��-�������D��3DUWLWLRQLQJ�RI�ELRPDVV�DQG�FDUERK\GUDWHV�LQ�ILHOG�
JURZQ�UDGLVK�XQGHU�DPELHQW�FRQFHQWUDWLRQV�RI�R]RQH��DQG�WUHDWHG�ZLWK�WKH�DQWL�R]RQDQW
HWK\OHQH�GLXUHD��('8����1HZ�3K\WRO���������������

.RVWND�5LFN��5���0DQQLQJ��:��-�������E��(IIHFWV�DQG�LQWHUDFWLRQV�RI�R]RQH�DQG�WKH�DQWL�
R]RQDQW�('8�DW�GLIIHUHQW�VWDJHV�RI�UDGLVK��5DSKDQXV�VDWLYXV�/���GHYHORSPHQW��-��([S
%RW����������������

.UDXVH��*��+��0���5LOH\��:��'���)HGHU��:��$���������(IIHFWV�RI�R]RQH�RQ�SHWXQLD�DQG�WRPDWR
SROOHQ�WXEH�HORQJDWLRQ�LQ�YLYR��3URF��$P��3K\WRSDWKRO��6RF���������

.UHLW��-��:���*URVV��.��%���0RRUH��7��%���/RUHQ]HQ��7��-���'
$UF\��-���(VFKHQEDFKHU��:��/�
�������2]RQH�LQGXFHG�FKDQJHV�LQ�SXOPRQDU\�IXQFWLRQ�DQG�EURQFKLDO�UHVSRQVLYHQHVV�LQ
DVWKPDWLFV��-��$SSO��3K\VLRO��������������

.UHVV��/��:���$OOHQ��+��/���0XGDQR��-��(���6WRZ��7��.���������,PSDFW�RI�R]RQH�RQ�OREOROO\
SLQH�VHHGOLQJ�IROLDJH�SURGXFWLRQ�DQG�UHWHQWLRQ��(QYLURQ��7R[LFRO��&KHP�����
����������

.UXSD��6��9���*UXQKDJH��/���-DJHU��+��-���1RVDO��0���0DQQLQJ��:��-���/HJJH��$��+��
+DQHZDOG��.���������$PELHQW�R]RQH��2���DQG�DGYHUVH�FURS�UHVSRQVH��D�XQLILHG�YLHZ�RI
FDXVH�DQG�HIIHFW���(QYLURQ��3ROOXW�������������

.UXSD��6��9���1RVDO��0���/HJJH��$��+���������$PELHQW�R]RQH�DQG�FURS�ORVV��HVWDEOLVKLQJ�D
FDXVH�HIIHFW�UHODWLRQVKLS���(QYLURQ��3ROOXW�������������
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.UXSD��6��9���0DQQLQJ��:��-���1RVDO��0���������8VH�RI�WREDFFR�FXOWLYDUV�DV�ELRORJLFDO
LQGLFDWRUV�RI�DPELHQW�R]RQH�SROOXWLRQ���$Q�DQDO\VLV�RI�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�
�(QYLURQ��3ROOXW�����������������

.UXSQLN��$�-���+DUULQJWRQ��:���2VWUR��%����������$PELHQW�R]RQH�DQG�DFXWH�KHDOWK�HIIHFWV�
HYLGHQFH�IURP�GDLO\�GDWD��-��(QYLURQ��(FRQ��0DQDJH�����������

.U]\]DQRZVNL��0���4XDFNHQERVV��-��-���/HERZLW]��0��'���������5HODWLRQ�RI�SHDN�H[SLUDWRU\
IORZ�UDWHV�DQG�V\PSWRPV�WR�DPELHQW�R]RQH��$UFK��(QYLURQ��+HDOWK�������������

.XKQ��&���,,,��%ROGW��-���.LQJ��7�(���-U���&URXFK��(���9DUWLR��7���0F'RQDOG��-�$����������$Q
LPPXQRKLVWRFKHPLFDO�VWXG\�RI�DUFKLWHFWXUDO�UHPRGHOLQJ�DQG�FRQQHFWLYH�WLVVXH�V\QWKHVLV
LQ�SXOPRQDU\�ILEURVLV���$P��5HY��5HVSLU��'LV�����������������

.XOOH��7��-���6DXGHU��/��5���+HEHO��-��5���&KDWKDP��0��'���������2]RQH�UHVSRQVH
UHODWLRQVKLSV�LQ�KHDOWK\�QRQVPRNHUV��$P��5HY��5HVSLU��'LV�������������

.XOOH��7��-���6DXGHU��/��5���.HUU��+��'���)DUUHOO��%��3���%HUPHO��0��6���6PLWK��'��0��������
'XUDWLRQ�RI�SXOPRQDU\�IXQFWLRQ�DGDSWDWLRQ�WR�R]RQH�LQ�KXPDQV��$P��,QG��+\J��$VVRF�
-��������������

/DUVHQ��5��,���+HFN��:��:���������$Q�DLU�TXDOLW\�GDWD�DQDO\VLV�V\VWHP�IRU�LQWHUUHODWLQJ�HIIHFWV�
VWDQGDUGV��DQG�QHHGHG�VRXUFH�UHGXFWLRQV��SDUW����DQ�HIIHFWLYH�PHDQ�2��FURS�UHGXFWLRQ
PDWKHPDWLFDO�PRGHO��-��$LU�3ROOXW��&RQWURO��$VVRF����������������

/DVW��-��$���*HO]OHLFKWHU��7��5���+DUNHPD��-���+DZN��6���������&RQVHTXHQFHV�RI�SURORQJHG
LQKDODWLRQ�RI�R]RQH�RQ�)LVFKHU�����1�UDWV��FROODERUDWLYH�VWXGLHV��3DUW�,��&RQWHQW�DQG
FURVV�OLQNLQJ�RI�OXQJ�FROODJHQ��&DPEULGJH��0$��+HDOWK�(IIHFWV�,QVWLWXWH��UHVHDUFK
UHSRUW�QR�����

/DVW��-��$���*HO]OHLFKWHU��7���+DUNHPD��-���3DUNV��:��&���0HOOLFN��3�������D��(IIHFWV�RI���
PRQWKV�RI�R]RQH�H[SRVXUH�RQ�OXQJ�FROODJHQ�LQ�)LVFKHU�����UDWV��7R[LFRORJ\������������

/DVW��-��$���*HO]OHLFKWHU��7��5���3LQNHUWRQ��.��(���:DONHU��5��0���:LWVFKL��+�������E��$�QHZ
PRGHO�RI�SURJUHVVLYH�SXOPRQDU\�ILEURVLV�LQ�UDWV��$P��5HY��5HVSLU��'LV���������������

/DVW��-��$���5HLVHU��.��0���7\OHU��:��6���5XFNHU��5��%���������/RQJ�WHUP�FRQVHTXHQFHV�RI
H[SRVXUH�WR�R]RQH��,��OXQJ�FROODJHQ�FRQWHQW��7R[LFRO��$SSO��3KDUPDFRO��������������

/DVW��-��$���*UHHQEHUJ��'��%���&DVWOHPDQ��:��/���������2]RQH�LQGXFHG�DOWHUDWLRQV�LQ�FROODJHQ
PHWDEROLVP�RI�UDW�OXQJV��7R[LFRO��$SSO��3KDUPDFRO��������������

/DXUHQFH��-��$���������'HYHORSPHQW�RI�D�ELRORJLFDO�DLU�TXDOLW\�LQGH[LQJ�V\VWHP��D�UHSRUW�WR�WKH
0LQQHVRWD�(QYLURQPHQWDO�4XDOLW\�%RDUG��6W��3DXO��01��0LQQHVRWD�(QYLURQPHQWDO
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4XDOLW\�%RDUG��6(����%

/DXULW]HQ��6��.���$GDPV��:��&���������2]RQH�LQKDODWLRQ�HIIHFWV�FRQVHTXHQW�WR�FRQWLQXRXV
H[HUFLVH�LQ�IHPDOHV��FRPSDULVRQ�WR�PDOHV��-��$SSO��3K\VLRO����������������

/HERZLW]��0��'���4XDFNHQERVV��-��-���.U]\]DQRZVNL��0���������$FXWH�UHVSLUDWRU\�HIIHFWV�RI
SURORQJHG�DPELHQW�R]RQH��,Q��%HUJOXQG��5��/���/DZVRQ��'��5���0F.HH��'��-���HGV�
7URSRVSKHULF�R]RQH�DQG�WKH�HQYLURQPHQW��SDSHUV�IURP�DQ�LQWHUQDWLRQDO�FRQIHUHQFH�
0DUFK�������/RV�$QJHOHV��&$��3LWWVEXUJK��3$��$LU�	�:DVWH�0DQDJHPHQW
$VVRFLDWLRQ��SS������������$	:0$�WUDQVDFWLRQ�VHULHV�QR��75�����

/HFKRZLF]��0��-���������5HVRXUFH�DOORFDWLRQ�E\�SODQWV�XQGHU�DLU�SROOXWLRQ�VWUHVV��LPSOLFDWLRQV
IRU�SODQW�SHVW�SDWKRJHQ�LQWHUDFWLRQV��%RW��5HY��������������

/HH��(��+���+RJVHWW��:��(���������0HWKRGRORJ\�IRU�FDOFXODWLQJ�LQSXWV�IRU�R]RQH�VHFRQGDU\
VWDQGDUG�EHQHILWV�DQDO\VLV��SDUW�,,��5HSRUW�SUHSDUHG�IRU�2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ
DQG�6WDQGDUGV��$LU�4XDOLW\�6WUDWHJLHV�DQG�6WDQGDUGV�'LYLVLRQ��8�6��(QYLURQPHQWDO
3URWHFWLRQ�$JHQF\��5HVHDUFK�7ULDQJOH�3DUN��1�&���0DUFK�

/HH��(��+���+RJVHWW��:��(���7LQJH\��'��7���������(IILFDF\�RI�R]RQH�H[SRVXUH�LQGLFHV�LQ�WKH
VWDQGDUG�VHWWLQJ�SURFHVV��,Q��%HUJOXQG��5��/���/DZVRQ��'��5���0F.HH��'��-���HGV�
7URSRVSKHULF�R]RQH�DQG�WKH�HQYLURQPHQW��SDSHUV�IURP�DQ�LQWHUQDWLRQDO�FRQIHUHQFH�
0DUFK�������/RV�$QJHOHV��&$��3LWWVEXUJK��3$��$LU�	�:DVWH�0DQDJHPHQW
$VVRFLDWLRQ��SS������������$	:0$�WUDQVDFWLRQ�VHULHV�QR��75�����

/HH��(��+���7LQJH\��'��7���+RJVHWW��:��(���������,QWHUUHODWLRQ�RI�H[SHULPHQWDO�H[SRVXUH�DQG
DPELHQW�DLU�TXDOLW\�GDWD�IRU�FRPSDULVRQ�RI�R]RQH�H[SRVXUH�LQGLFHV�DQG�HVWLPDWLQJ
DJULFXOWXUDO�ORVVHV��&RUYDOOLV��25��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
(QYLURQPHQWDO�5HVHDUFK�/DERUDWRU\��(3$�UHSRUW�QR��(3$���������������$YDLODEOH
IURP��17,6��6SULQJILHOG��9$��3%����������

/HH��(��+���7LQJH\��'��7���+RJVHWW��:��(���������(YDOXDWLRQ�RI�R]RQH�H[SRVXUH�LQGLFHV�LQ
H[SRVXUH�UHVSRQVH�PRGHOLQJ���(QYLURQ��3ROOXW�����������

/HH��(��+���7LQJH\��'��7���+RJVHWW��:��(���������6HOHFWLRQ�RI�WKH�EHVW�H[SRVXUH�UHVSRQVH
PRGHO�XVLQJ�YDULRXV���KRXU�R]RQH�H[SRVXUH�VWDWLVWLFV���5HVHDUFK�7ULDQJOH�3DUN��1&�
8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV�

/HIRKQ��$��6���(GZDUGV��3��-���$GDPV��0��%���������7KH�FKDUDFWHUL]DWLRQ�RI�R]RQH�H[SRVXUHV
LQ�UXUDO�:HVW�9LUJLQLD�DQG�9LUJLQLD��-��$LU�:DVWH�0DQDJH��$VVRF����������������

/HIRKQ��$��6���)ROH\��-��.���������1&/$1�UHVXOWV�DQG�WKHLU�DSSOLFDWLRQ�WR�WKH�VWDQGDUG�VHWWLQJ
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SURFHVV��SURWHFWLQJ�YHJHWDWLRQ�IURP�VXUIDFH�R]RQH�H[SRVXUHV��-��$LU�:DVWH�0DQDJH�
$VVRF����������������

/HIRKQ��$��6���6KDGZLFN��'��6���6RPHUYLOOH��0��&���&KDSSHOND��$��+���/RFNDE\��%��*��
0HOGDKO��5��6���������7KH�FKDUDFWHUL]DWLRQ�DQG�FRPSDULVRQ�RI�R]RQH�H[SRVXUH�LQGLFHV
XVHG�LQ�DVVHVVLQJ�WKH�UHVSRQVH�RI�OREOROO\�SLQH�WR�R]RQH��$WPRV��(QYLURQ��3DUW�$����
��������

/HIRKQ��$��6���5XQHFNOHV��9��&���.UXSD��6��9���6KDGZLFN��'��6���������,PSRUWDQW
FRQVLGHUDWLRQV�IRU�HVWDEOLVKLQJ�D�VHFRQGDU\�R]RQH�VWDQGDUG�WR�SURWHFW�YHJHWDWLRQ�
-$3&$���������������

/HIRKQ��$��6���������$XWKRU
V�UHSO\�>D�UHVSRQVH�WR�FRPPHQWV�E\�3DUU\�DQG�'D\������@�
$WPRV��(QYLURQ����������������

/HIRKQ��$��6���/DXUHQFH��-��$���.RKXW��5��-�������D��$�FRPSDULVRQ�RI�LQGLFHV�WKDW�GHVFULEH
WKH�UHODWLRQVKLS�EHWZHHQ�H[SRVXUH�WR�R]RQH�DQG�UHGXFWLRQ�LQ�WKH�\LHOG�RI�DJULFXOWXUDO
FURSV��$WPRV��(QYLURQ����������������

/HIRKQ��$��6���/DXUHQFH��-��$���.RKXW��5��-�������E��$�FRPSDULVRQ�RI�LQGLFHV�WKDW�GHVFULEH
WKH�UHODWLRQVKLS�EHWZHHQ�H[SRVXUH�WR�R]RQH�DQG�UHGXFWLRQ�LQ�WKH�\LHOG�RI�DJULFXOWXUDO
FURSV�>UHVSRQVH�WR�FRPPHQWV�E\�9��&��5XQHFNOHV@��$WPRV��(QYLURQ����������������

/HIRKQ��$��6���'DYLV��&��(���-RQHV��&��.���7LQJH\��'��7���+RJVHWW��:��(��������
&R�RFFXUUHQFH�SDWWHUQV�RI�JDVHRXV�DLU�SROOXWDQW�SDLUV�DW�GLIIHUHQW�PLQLPXP
FRQFHQWUDWLRQV�LQ�WKH�8QLWHG�6WDWHV��$WPRV��(QYLURQ����������������

/HIRKQ��$��6���-RQHV��&��.���������7KH�FKDUDFWHUL]DWLRQ�RI�R]RQH�DQG�VXOIXU�GLR[LGH�DLU�TXDOLW\
GDWD�IRU�DVVHVVLQJ�SRVVLEOH�YHJHWDWLRQ�HIIHFWV��-��$LU�3ROOXW��&RQWURO�$VVRF�����
����������

/HIRKQ��$��6���7LQJH\��'��7���������7KH�FR�RFFXUUHQFH�RI�SRWHQWLDOO\�SK\WRWR[LF
FRQFHQWUDWLRQV�RI�YDULRXV�JDVHRXV�DLU�SROOXWDQWV��$WPRV��(QYLURQ����������������

/HVVHU��9��0���5DZOLQJV��-��2���6SUXLOO��6��(���6RPHUYLOOH��0�&���������2]RQH�HIIHFWV�RQ
DJULFXOWXUDO�FURSV��VWDWLVWLFDO�PHWKRGRORJLHV�DQG�HVWLPDWHG�GRVH�UHVSRQVH�UHODWLRQVKLSV�
&URS�6FL��������������

/LQGHU��-���+HUUHQ��'���0RQQ��&���:DQQHU��+��8���������'LH�:LUNXQJ�YRQ�2]RQ�DXI�GLH
NRHUSHUOLFKH�/HLVWXQJVIDHKLJNHLW�>7KH�HIIHFW�RI�R]RQH�RQ�SK\VLFDO�DFWLYLW\@��6FKZHL]�=�
6SRUWPHG�����������

/LQQ��:��6���6KDPRR��'��$���$QGHUVRQ��.��5���3HQJ��5��&���$YRO��(��/���+DFNQH\��-��'�
�������(IIHFWV�RI�SURORQJHG��UHSHDWHG�H[SRVXUH�WR�R]RQH��VXOIXULF�DFLG��DQG�WKHLU
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FRPELQDWLRQ�LQ�KHDOWK\�DQG�DVWKPDWLF�YROXQWHHUV��$P��-��5HVSLU��&ULW��&DUH�0HG������
��������

/LQQ��:�6���&�(��6SLHU��DQG�-�'��+DFNQH\���������$FWLYLW\�3DWWHUQV�LQ�2]RQH�([SRVHG
&RQVWUXFWLRQ�:RUNHUV���-RXUQDO�RI�2FFXSDWLRQDO�0HGLFLQH�DQG�7R[LFRORJ\��9RO�����SS�
�����

/LQQ��:�6���'��6KDPRR��DQG�-��+DFNQH\���������'RFXPHQWDWLRQ�RI�$FWLYLW\�3DWWHUQV�LQ�+LJK�
5LVN�*URXSV�([SRVHG�WR�2]RQH�LQ�WKH�/RV�$QJHOHV�$UHD���7URSRVSKHULF�2]RQH�LQ�WKH
(QYLURQPHQW�,,��HGLWRU��5��%HUJOXQG��$LU�DQG�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ�
3LWWVEXUJK��3$�

/LQQ��:��6���$YRO��(��/���6KDPRR��'��$���3HQJ��5��&���9DOHQFLD��/��0���/LWWOH��'��(��
+DFNQH\��-��'���������5HSHDWHG�ODERUDWRU\�R]RQH�H[SRVXUHV�RI�YROXQWHHU�/RV�$QJHOHV
UHVLGHQWV��DQ�DSSDUHQW�VHDVRQDO�YDULDWLRQ�LQ�UHVSRQVH��7R[LFRO��,QG��+HDOWK������������

/LQQ��:��6���$YRO��(��/���6KDPRR��'��$���6SLHU��&��(���9DOHQFLD��/��0���9HQHW��7��*��
)LVFKHU��'��$���+DFNQH\��-��'���������$�GRVH�UHVSRQVH�VWXG\�RI�KHDOWK\��KHDYLO\
H[HUFLVLQJ�PHQ�H[SRVHG�WR�R]RQH�DW�FRQFHQWUDWLRQV�QHDU�WKH�DPELHQW�DLU�TXDOLW\
VWDQGDUG��7R[LFRO��,QG��+HDOWK�����������

/LQQ��:��6���6KDPRR��'��$���9HQHW��7��*���6SLHU��&��(���9DOHQFLD��/��0���$Q]DU��8��7��
+DFNQH\��-��'�������D��5HVSRQVH�WR�R]RQH�LQ�YROXQWHHUV�ZLWK�FKURQLF�REVWUXFWLYH
SXOPRQDU\�GLVHDVH��$UFK��(QYLURQ��+HDOWK�������������

/LQQ��:��6���$YRO��(��/���+DFNQH\��-��'�������E��(IIHFWV�RI�DPELHQW�R[LGDQW�SROOXWDQWV�RQ
KXPDQV��D�PRYDEOH�HQYLURQPHQWDO�FKDPEHU�VWXG\��,Q��/HH��6��'���0XVWDID��0��*��
0HKOPDQ��0��$���HGV��,QWHUQDWLRQDO�V\PSRVLXP�RQ�WKH�ELRPHGLFDO�HIIHFWV�RI�R]RQH�DQG
UHODWHG�SKRWRFKHPLFDO�R[LGDQWV��0DUFK�������3LQHKXUVW��1&��3ULQFHWRQ��1-��3ULQFHWRQ
6FLHQWLILF�3XEOLVKHUV��,QF���SS������������$GYDQFHV�LQ�PRGHUQ�HQYLURQPHQWDO
WR[LFRORJ\��Y�����

/LQQ��:��6���0HGZD\��'��$���$Q]DU��8��7���9DOHQFLD��/��0���6SLHU��&��(���7VDR��)��6��'��
)LVFKHU��'��$���+DFNQH\��-��'���������3HUVLVWHQFH�RI�DGDSWDWLRQ�WR�R]RQH�LQ�YROXQWHHUV
H[SRVHG�UHSHDWHGO\�IRU�VL[�ZHHNV��$P��5HY��5HVSLU��'LV���������������

/LQQ��:��6���-RQHV��0��3���%DFKPD\HU��(��$���6SLHU��&��(���0D]XU��6��)���$YRO��(��/��
+DFNQH\��-��'���������6KRUW�WHUP�UHVSLUDWRU\�HIIHFWV�RI�SROOXWHG�DPELHQW�DLU��D
ODERUDWRU\�VWXG\�RI�YROXQWHHUV�LQ�D�KLJK�R[LGDQW�FRPPXQLW\��$P��5HY��5HVSLU��'LV�
�������������

/LR\��3�-���'\ED��5�9����������7KH�G\QDPLFV�RI�KXPDQ�H[SRVXUH�WR�WURSRVSKHULF�R]RQH���,Q�
6FKQHLGHU��7���/HH��6�'���:ROWHUV��*�-�5���*UDQW��/�'���HGV���$WPRVSKHULF�R]RQH
UHVHDUFK�DQG�LWV�SROLF\�LPSOLFDWLRQV��3URFHHGLQJV�RI��7KH�7KLUG�8�6��'XWFK
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LQWHUQDWLRQDO�V\PSRVLXP��0D\�������1LJPHJHQ��7KH�1HWKHUODQGV���$PVWHUGDP��7KH
1HWKHUODQGV��(OVHYLHU�6FLHQFH�3XEOLVKHUV��SS�������������6WXGLHV�LQ�HQYLURQPHQWDO
VFLHQFH�����

/LR\��3�-���9ROOPXWK��7�$���/LSSPDQQ��0����������3HUVLVWHQFH�RI�SHDN�IORZ�GHFUHPHQW�LQ
FKLOGUHQ�IROORZLQJ�R]RQH�H[SRVXUHV�H[FHHGLQJ�WKH�1DWLRQDO�$PELHQW�$LU�4XDOLW\
6WDQGDUG��-��$LU�3ROOXW��&RQWURO�$VVRF����������������

/LSIHUW��)�:���+DPPHUVWURP��7���������7HPSRUDO�SDWWHUQV�LQ�DLU�SROOXWLRQ�DQG�KRVSLWDO
DGPLVVLRQV��(QYLURQ��5HV��������������

/LSSPDQQ��0���/LR\��3�-���/LHNDXI��*���*UHHQ��.�%���%D[WHU��'���0RUDQGL��0���3DVWHUQDFN�
%�6����������(IIHFWV�RI�R]RQH�RQ�WKH�SXOPRQDU\�IXQFWLQ�RI�FKLOGUHQ���,Q��/HH��6�'��
0XVWDID��0�*���0HKOPDQ��0�$���HGV��,QWHUQDWLRQDO�V\PSRVLXP�RQ�WKH�ELRPHGLFDO
HIIHFWV�RI�R]RQH�DQG�UHODWHG�SKRWRFKHPLFDO�R[LGDQWV��0DUFK�������3LQHKXUVW��1&��
3ULQFHWRQ��1-��3ULQFHWRQ�6FLHQWLILF�3XEOLVKHUV��,QF���SS������������$GYDQFHV�LQ�PRGHUQ
WHFKQRORJ\��Y�����

/LWWOH��(��/���-U����������$WODV�RI�8QLWHG�6WDWHV�7UHHV���8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW
6HUYLFH��0LVFHOODQHRXV�3XEOLFDWLRQ�1R�������

/RJDQ��-��$���������2]RQH�LQ�UXUDO�DUHDV�RI�WKH�8QLWHG�6WDWHV��-��*HRSK\V��5HV�����
����������

/XHWK\�.UDXVH��%���/DQGROW��:���������(IIHFWV�RI�R]RQH�RQ�VWDUFK�DFFXPXODWLRQ�LQ�1RUZD\
VSUXFH��3LFHD�DELHV���7UHHV������������

0DGDULDJD��%�����������$PELHQW�DLU�TXDOLW\�VWDQGDUGV�IRU�8�6��DJULFXOWXUH��7KH�FRUUHFW�ZHOIDUH
PHDVXUH�UHYLVLWHG���-RXUQDO�RI�(QYLURQPHQWDO�0DQDJHPHQW��������������

0DQGO��5��+���/DXUHQFH��-��$���.RKXW��5��-���������'HYHORSPHQW�DQG�WHVWLQJ�RI�RSHQ�WRS
FKDPEHU�IRU�WKH�H[SRVXUH�RI�SODQWV�WR�DLU�SROOXWDQWV�LQ�WKH�ILHOG���-��(QYLURQ��4XDO�
����������

0DQQ��/��.���0F/DXJKOLQ��6��%���6KULQHU��'��6���������6HDVRQDO�SK\VLRORJLFDO�UHVSRQVHV�RI
ZKLWH�SLQH�XQGHU�FKURQLF�DLU�SROOXWLRQ�VWUHVV��(QYLURQ��([S��%RW�������������

0DQQLQJ��:��-���%HUJPDQ��-��5���2
%ULHQ��-��7���������2]RQH�LQMXU\�RQ�QDWLYH�YHJHWDWLRQ�LQ
&ODVV�,�ZLOGHUQHVV�DUHDV�LQ�1HZ�+DPSVKLUH�DQG�9HUPRQW���3UHVHQWHG�DW����WK�DQQXDO
PHHWLQJ�	�H[KLELWLRQ�RI�WKH�$LU�	�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ��-XQH��9DQFRXYHU�
%&��&DQDGD��3LWWVEXUJK��3$��$LU�DQG�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ��SDSHU�QR�����
������

0DVVH\��)�-���-U���/DQGDX��(���'HDQH��0���������$LU�SROOXWLRQ�DQG�PRUWDOLW\�LQ�WZR�DUHDV�RI
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/RV�$QJHOHV�&RXQW\��3UHVHQWHG�DW��WKH�MRLQW�PHHWLQJ�RI�WKH�$PHULFDQ�6WDWLVWLFDO
$VVRFLDWLRQ�DQG�WKH�%LRPHWULF�6RFLHW\��(1$5���'HFHPEHU��1HZ�<RUN��1<�

0DWKWHFK��,QF�����������$GGHQGXP�WR�WKH�UHJLRQDO�PRGHO�IDUP��50)��XVHU
V�JXLGH�YHUVLRQ����
IRU�SHUVRQDO�FRPSXWHUV���5HSRUW�WR�8�6��(3$��-XQH�

0DWKWHFK��,QF�����������7KH�UHJLRQDO�PRGHO�IDUP��50)���DQ�DJULFXOWXUDO�VHFWRU�EHQHILWV
DVVHVVPHQW�PRGHO��YHUVLRQ�����IRU�SHUVRQDO�FRPSXWHUV���5HSRUW�WR�8�6��(3$�
6HSWHPEHU�

0DWVXVKLPD��-���<RQHPRUL��.���,ZDR��.���������6HQVLWLYLW\�RI�VDWVXPD�PDQGDULQ�WR�R]RQH�DV
UHODWHG�WR�VWRPDWDO�IXQFWLRQ�LQGLFDWHG�E\�WUDQVSLUDWLRQ�UDWH��FKDQJH�RI�VWHP�GLDPHWHU�
DQG�OHDI�WHPSHUDWXUH��-��$P��6RF��+RUWLF��6FL���������������

0DW\VVHN��5���*XQWKDUGW�*RHUJ��0��6���/DQGROW��:���.HOOHU��7�������D���:KROH�SODQW�JURZWK
DQG�OHDI�IRUPDWLRQ�LQ�R]RQDWHG�K\EULG�SRSODU��3RSXOXV�[�HXUDPHULFDQD����(QYLURQ�
3ROOXW�������������

0DW\VVHN��5���.HOOHU��7���.RLNH��7�������E��%UDQFK�JURZWK�DQG�OHDI�JDV�H[FKDQJH�RI�3RSXOXV
WUHPXOD�H[SRVHG�WR�ORZ�R]RQH�FRQFHQWUDWLRQV�WKURXJKRXW�WZR�JURZLQJ�VHDVRQV�
(QYLURQ��3ROOXW����������

0F&RRO��3��0���0XVVHOPDQ��5��&���������,PSDFW�RI�R]RQH�RQ�JURZWK�RI�SHDFK��DSULFRW��DQG
DOPRQG��+RUWVFLHQFH���������������

0F&RRO��3��0���0XVVHOPDQ��5��&���<RXQJORYH��7���7HVR��5��5���������5HVSRQVH�RI�NLGQH\
EHDQ�WR�VHTXHQWLDO�R]RQH�H[SRVXUHV��(QYLURQ��([S��%RW��������������

0F&XUG\��7�5�������D��+XPDQ�H[SRVXUH�WR�DPELHQW�R]RQH��SS���������LQ��'�-��0F.HH��HG�
7URSRVSKHULF�2]RQH��+XPDQ�+HDOWK�DQG�$JULFXOWXUDO�,PSDFWV��/HZLV�3XEOLVKHUV�

0F&XUG\��7�5�������E��(VWLPDWLQJ�R]RQH�H[SRVXUHV�IRU�WKH�JHQHUDO�SRSXODWLRQ�LQ���XUEDQ
DUHDV�XVLQJ�D�SUREDELOLVWLF�YHUVLRQ�RI�1(0���8�6��(3$��2$436��5HVHDUFK�7ULDQJOH
3DUN��1&����)RU�FRSLHV��FRQWDFW�+DUYH\�0��5LFKPRQG��8�6��(QYLURQPHQWDO�3URWHFWLRQ
$JHQF\��2$436��0'�����5HVHDUFK�7ULDQJOH�3DUN��1�&�������������������������

0F&XUG\��7��5�������F���7HVWLQJ�S1(0�2��UXQV�WR�GHWHUPLQH�LI�D�VHW�RI����5XQV�LV
�UHSUHVHQWDWLYH���(3$�0HPRUDQGXP��$SULO����

0F'RQQHOO��:��)���6PLWK��0��9���������3UHGLFWLRQ�RI�DFXWH�R]RQH�UHVSRQVH�DV�D�IXQFWLRQ�RI
H[SRVXUH�UDWH�DQG�WRWDO�LQKDOHG�GRVH��-��$SSO��3K\VLRO����������������
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0F'RQQHOO��:��)���$QGUHRQL��6���6PLWK��0��9���������3URSRUWLRQ�RI�PRGHUDWHO\�H[HUFLVLQJ
LQGLYLGXDOV�UHVSRQGLQJ�WR�ORZ�OHYHO�PXOWLKRXU�R]RQH�H[SRVXUH���$P��-��5HVSLU��&ULW�
&DUH�0HG���LQ�SUHVV�

0F'RQQHOO��:��)���0XOOHU��.��(���%URPEHUJ��3��$���6K\��&��0���������3UHGLFWRUV�RI
LQGLYLGXDO�GLIIHUHQFHV�LQ�DFXWH�UHVSRQVH�WR�R]RQH�H[SRVXUH��$P��5HY��5HVSLU��'LV������
��������

0F'RQQHOO��:��)���.HKUO��+��5���$EGXO�6DODDP��6���,YHV��3��-���)ROLQVEHH��/��-���'HYOLQ��5�
%���2
1HLO��-��-���+RUVWPDQ��'��+���������5HVSLUDWRU\�UHVSRQVH�RI�KXPDQV�H[SRVHG�WR
ORZ�OHYHOV�RI�R]RQH�IRU�����KRXUV��$UFK��(QYLURQ��+HDOWK�������������

0F'RQQHOO��:��)���+RUVWPDQ��'��+���$EGXO�6DODDP��6���5DJJLR��/��-���*UHHQ��-��$��������
7KH�UHVSLUDWRU\�UHVSRQVHV�RI�VXEMHFWV�ZLWK�DOOHUJLF�UKLQLWLV�WR�R]RQH�H[SRVXUH�DQG�WKHLU
UHODWLRQVKLS�WR�QRQVSHFLILF�DLUZD\�UHDFWLYLW\��7R[LFRO��,QG��+HDOWK������������

0F'RQQHOO��:�)���,,,��&KDSPDQ��5�6���/HLJK��0�:���6WURSH��*�/���&ROOLHU��$�0��������
5HVSLUDWRU\�UHVSRQVHV�RI�YLJRURXVO\�H[HUFLVLQJ�FKLOGUHQ�WR������SSP�R]RQH�H[SRVXUH�
$P��5HY��5HVSLU��'LV��������������

0F'RQQHOO��:�)���+RUVWPDQ��'�+���+D]XFKD��0�-���6HDO��(���-U���+DDN��(�'���6DODDP��6�$��
+RXVH��'�(���������3XOPRQDU\�HIIHFWV�RI�R]RQH�H[SRVXUH�GXULQJ�H[HUFLVH��GRVH�
UHVSRQVH�FKDUDFWHULVWLFV��-��$SSO��3K\VLRO���5HVSLU��(QYLURQ��([HUFLVH�3K\VLRO�����
����������

0F*DUWODQG��$��0���������7KH�LPSOLFDWLRQV�RI�DPELHQW�R]RQH�VWDQGDUGV�IRU�8�6��DJULFXOWXUH��D
FRPPHQW�DQG�VRPH�IXUWKHU�HYLGHQFH��-��(QYLURQ��0DQDJH��������������

0F.LWWULFN��7���$GDPV��:��&���������3XOPRQDU\�IXQFWLRQ�UHVSRQVH�WR�HTXLYDOHQW�GRVHV�RI
R]RQH�FRQVHTXHQW�WR�LQWHUPLWWHQW�DQG�FRQWLQXRXV�H[HUFLVH��$UFK��(QYLURQ��+HDOWK�����
��������

0F/DXJKOLQ��6��%���0F&RQDWK\��5��.���'XYLFN��'���0DQQ��/��.���������(IIHFWV�RI�FKURQLF
DLU�SROOXWLRQ�VWUHVV�RQ�SKRWRV\QWKHVLV��FDUERQ�DOORFDWLRQ��DQG�JURZWK�RI�ZKLWH�SLQH
WUHHV��)RU��6FL������������

0F/DXJKOLQ��6��%���7D\ORU��*��(���������5HODWLYH�KXPLGLW\��LPSRUWDQW�PRGLILHU�RI�SROOXWDQW
XSWDNH�E\�SODQWV��6FLHQFH��:DVKLQJWRQ��'&���������������

0F/HRG��$��5���6KDZ��3��-��$���+ROODQG��0��5���������7KH�/LSKRRN�)RUHVW�)XPLJDWLRQ
3URMHFW��VWXGLHV�RI�VXOSKXU�GLR[LGH�DQG�R]RQH�HIIHFWV�RQ�FRQLIHURXV�WUHHV��)RU��(FRO�
0DQDJH��������������

0F4XDWWLH��&��-���6FKLHU��*��$���������(IIHFW�RI�R]RQH�DQG�DOXPLQXP�RQ�SLWFK�SLQH��3LQXV
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ULJLGD��VHHGOLQJV��DQDWRP\�RI�P\FRUUKL]DH��&DQ��-��)RU��5HV����������������

0HLHU��6���*UDQG��/��)���6FKRHQHEHUJHU��0��0���5HLQHUW��5��$���%UXFN��5��,���������*URZWK�
HFWRP\FRUUKL]DH�DQG�QRQVWUXFWXUDO�FDUERK\GUDWHV�RI�OREOROO\�SLQH�VHHGOLQJV�H[SRVHG�WR
R]RQH�DQG�VRLO�ZDWHU�GHILFLW��(QYLURQ��3ROOXW������������

0LOOHU��)��-���,OOLQJ��-��:���*DUGQHU��'��(���������(IIHFW�RI�XUEDQ�R]RQH�OHYHOV�RQ�ODERUDWRU\�
LQGXFHG�UHVSLUDWRU\�LQIHFWLRQV��7R[LFRO��/HWW�������������

0LOOHU��-��(���3DWWHUVRQ��5��3���+HDJOH��$��6���3XUVOH\��:��$���+HFN��:��:���������*URZWK
RI�FRWWRQ�XQGHU�FKURQLF�R]RQH�VWUHVV�DW�WZR�OHYHOV�RI�VRLO�PRLVWXUH��-��(QYLURQ��4XDO�
������������

0LOOHU��3��5���0F%ULGH��-��5���6FKLOOLQJ��6��/���*RPH]��$��3���������7UHQG�RI�R]RQH�GDPDJH
WR�FRQLIHU�IRUHVWV�EHWZHHQ������DQG������LQ�WKH�6DQ�%HUQDUGLQR�PRXQWDLQV�LQ�VRXWKHUQ
&DOLIRUQLD��,Q��2OVRQ��5��.���/HIRKQ��$��6���HGV��(IIHFWV�RI�DLU�SROOXWLRQ�RQ�ZHVWHUQ
IRUHVWV��3LWWVEXUJK��3$��$LU�DQG�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ��SS���������
�7UDQVDFWLRQV�VHULHV�QR������

0LOOHU��3��5���7D\ORU��2��&���:LOKRXU��5��*���������2[LGDQW�DLU�SROOXWLRQ�HIIHFWV�RQ�D�ZHVWHUQ
FRQLIHURXV�IRUHVW�HFRV\VWHP��&RUYDOOLV��25��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
(QYLURQPHQWDO�5HVHDUFK�/DERUDWRU\��(3$�UHSRUW�QR��(3$�����'���������$YDLODEOH
IURP��17,6��6SULQJILHOG��9$��3%����������

0LOOHU��3��5���0LOOHFDQ��$��$����������([WHQW�RI�R[LGDQW�DLU�SROOXWLRQ�GDPDJH�WR�VRPH�SLQHV
DQG�RWKHU�FRQLIHUV�LQ�&DOLIRUQLD���3ODQW��'LV��5HS�������������

0LOOV��&�$���������5HVSLUDWRU\�DQG�FDUGLDF�GHDWKV�LQ�/RV�$QJHOHV�VPRJV�GXULQJ�����������
DQG��������$P��-��0HG��6FL���������������

0LOOV��&�$�������D��'R�VPRJV�WKUHDWHQ�FRPPXQLW\�KHDOWK"��&LQFLQQDWL�-��0HG��������������

0LOOV��&�$�������E��5HVSLUDWRU\�DQG�FDUGLDF�GHDWKV�LQ�/RV�$QJHOHV�VPRJV��$P��-��0HG��6FL�
�������������

0ROGDX��+���6´EHU��-���6´EHU��$���������'LIIHUHQWLDO�VHQVLWLYLW\�RI�VWRPDWD�DQG�PHVRSK\OO�WR
VXGGHQ�H[SRVXUH�RI�EHDQ�VKRRWV�WR�R]RQH��3KRWRV\QWKHWLFD�������������

0ROILQR��1��$���:ULJKW��6��&���.DW]��,���7DUOR��6���6LOYHUPDQ��)���0F&OHDQ��3��$���6]DODL��-�
3���5DL]HQQH��0���6OXWVN\��$��6���=DPHO��1���������(IIHFW�RI�ORZ�FRQFHQWUDWLRQV�RI
R]RQH�RQ�LQKDOHG�DOOHUJHQ�UHVSRQVHV�LQ�DVWKPDWLF�VXEMHFWV��/DQFHW��������������������

0RRUH��3��)���6FKZDUW]��/��:���������0RUSKRORJLFDO�HIIHFWV�RI�SURORQJHG�H[SRVXUH�WR�R]RQH
DQG�VXOIXULF�DFLG�DHURVRO�RQ�WKH�UDW�OXQJ��([S��0RO��3DWKRO��������������
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0RVHU��7��-���7LQJH\��'��7���5RGHFDS��.��'���5RVVL��'��-���&ODUN��&��6���������'URXJKW
VWUHVV�DSSOLHG�GXULQJ�WKH�UHSURGXFWLYH�SKDVH�UHGXFHG�R]RQH�LQGXFHG�HIIHFWV�LQ�EXVK
EHDQ��,Q��+HFN��:��:���7D\ORU��2��&���7LQJH\��'��7���HGV��$VVHVVPHQW�RI�FURS�ORVV
IURP�DLU�SROOXWDQWV��/RQGRQ��8QLWHG�.LQJGRP��(OVHYLHU�$SSOLHG�6FLHQFH��SS����������

0RWOH\��+�/���5�+��6PDUW��DQG�&�,��/HIWZLFK���(IIHFW�RI�SROOXWHG�/RV�$QJHOHV�DLU��602*��RQ
OXQJ�YROXPH�PHDVXUHPHQWV���-��$P��0HG��$VVRF����������������������

0XVVHOPDQ��5�&���<RXQJORYH��7���0F&RRO��3�0����������5HVSRQVH�RI�3KDVFROXV�YXOJDULV�/�
WR�GLIIHULQJ�R]RQH�UHJLPHV�KDYLQJ�LGHQWLFDO�WRWDO�H[SRVXUH���$WPRV��(QYLURQ�����������
�����

0XVVHOPDQ��5��&���+XHUWD��$��-���0F&RRO��3��0���2VKLPD��5��-���������5HVSRQVH�RI�EHDQV�WR
VLPXODWHG�DPELHQW�DQG�XQLIRUP�R]RQH�GLVWULEXWLRQV�ZLWK�HTXDO�SHDN�FRQFHQWUDWLRQ��-�
$P��6RF��+RUWLF��6FL���������������

0XVVHOPDQ��5��&���2VKLPD��5��-���*DOODYDQ��5��(���������6LJQLILFDQFH�RI�SROOXWDQW
FRQFHQWUDWLRQ�GLVWULEXWLRQ�LQ�WKH�UHVSRQVH�RI�CUHG�NLGQH\
�EHDQV�WR�R]RQH��-��$P��6RF�
+RUWLF��6FL���������������

0XVWDID��0��*���(OVD\HG��1��0���/HH��6��'���������7KH�FRPELQHG�HIIHFWV�RI�2��DQG�12��RQ
SXOPRQDU\�ELRFKHPLVWU\��,Q��/HH��6��'���HG��(YDOXDWLRQ�RI�WKH�VFLHQWLILF�EDVLV�IRU
R]RQH�R[LGDQWV�VWDQGDUGV��WUDQVDFWLRQV�RI�DQ�$3&$�VSHFLDOW\�FRQIHUHQFH��1RYHPEHU
������+RXVWRQ��7;��3LWWVEXUJK��3$��$LU�3ROOXWLRQ�&RQWURO�$VVRFLDWLRQ��SS����������

1DJGD��1�/���5HFWRU��+�(���.RRQW]��0�'����������*XLGHOLQHV�IRU�0RQLWRULQJ�,QGRRU�$LU
4XDOLW\���:DVKLQJWRQ��'&��+HPLVSKHUH�3XE��&R��

1DNDPXUD��+���+��6DND����������3KRWRFKHPLFDO�R[LGDQWV�LQMXU\�LQ�ULFH�SODQWV���,,,��(IIHFW�RI
R]RQH�RQ�SK\VLRORJLFDO�DFWLYLWLHV�LQ�ULFH�SODQWV���1LSSRQ�6DNXPRWVX�*DNNDL�.LML����
��������>(QJOLVK�VXPPDU\@

1$6���������5HWKLQNLQJ�WKH�2]RQH�3UREOHP�LQ�8UEDQ�DQG�5HJLRQDO�$LU�3ROOXWLRQ��1DWLRQDO
5HVHDUFK�&RXQFLO��1DWLRQDO�$FDGHP\�RI�6FLHQFHV��1DWLRQDO�$FDGHP\�3UHVV�
:DVKLQJWRQ��'&�

1DWLRQDO�,QVWLWXWHV�RI�+HDOWK���������*XLGHOLQHV�IRU�WKH�GLDJQRVLV�DQG�PDQDJHPHQW�RI�DVWKPD�
%HWKHVGD��0'��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��1DWLRQDO�+HDUW��/XQJ�
DQG�%ORRG�,QVWLWXWH��1DWLRQDO�$VWKPD�(GXFDWLRQ�3URJUDP��SXEOLFDWLRQ�QR����������

1DWLRQDO�7R[LFRORJ\�3URJUDP���������173�WHFKQLFDO�UHSRUW�RQ�WKH�WR[LFRORJ\�DQG
FDUFLQRJHQHVLV�VWXGLHV�RI�R]RQH��&$6�QR��������������DQG�R]RQH�11.��&$6�QR�
�����������������������LQ�)����1�UDWV�DQG�%�&�)��PLFH��LQKDODWLRQ�VWXGLHV��
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5HVHDUFK�7ULDQJOH�3DUN��1&��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV�
1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��LQ�SUHVV���1DWLRQDO�7R[LFRORJ\�3URJUDP�WHFKQLFDO�UHSRUW
VHULHV�QR�������

1HXIHOG��+��6���5HQIUR��-��5���+DFNHU��:��'���6LOVEHH��'����������2]RQH�LQ�*UHDW�6PRN\
0RXQWDLQV�1DWLRQDO�3DUN��G\QDPLFV�DQG�HIIHFWV�RQ�SODQWV���,Q��7URSRVSKHULF�R]RQH�DQG
WKH�HQYLURQPHQW�,,���HIIHFWV��PRGHOLQJ�DQG�FRQWURO��SDSHUV�IURP�DQ�LQWHUQDWLRQDO
VSHFLDOW\�FRQIHUHQFH��1RYHPEHU��$WODQWD��*$��3LWWVEXUJK��3$��$LU�	�:DVWH
0DQDJHPHQW�$VVRFLDWLRQ��SS�������������$	:0$�WUDQVDFWLRQV�VHULHV��75�����

1RXFKL��,���$RNL��.���������0RUQLQJ�JORU\�DV�D�SKRWRFKHPLFDO�R[LGDQW�LQGLFDWRU��(QYLURQ�
3ROOXW��������������

2OV]\N��'���%\WQHURZLF]��$���.DWV��*���5HDJDQ��&���+DNH��6���.HUE\��7���0LOOKRXVH��'��
5REHUWV��%���$QGHUVRQ��&���/HH��(��+���������&RWWRQ�\LHOG�ORVVHV�DQG�DPELHQW�R]RQH
FRQFHQWUDWLRQV�LQ�&DOLIRUQLD
V�6DQ�-RDTXLQ�9DOOH\��-��(QYLURQ��4XDO���LQ�SUHVV�

2OV]\N��'��0���7DNHPRWR��%��.���.WDV��*���'DZVRQ��3��-���0RUULVRQ��&���3UHVWRQ��-�:��
7KRPSVRQ��&��5���������(IIHFWV�RI�RSHQ�WRS�FKDPEHUV�RQ�
9DOHQFLD
�RUDQJH�WUHHV��-�
(QYLURQ��4XDO��������������

2OV]\N��'��0���%\WQHURZLF]��$���.DWV��*���'DZVRQ��3��-���:ROI��-���7KRPSVRQ��&��5��������
(IIHFWV�RI�VXOIXU�GLR[LGH�DQG�DPELHQW�R]RQH�RQ�ZLQWHU�ZKHDW�DQG�OHWWXFH��-��(QYLURQ�
4XDO��������������

2RVWLQJ��5�6���9DQ�*ROGH��/�0�*���9HUKRHI��-���9DQ�%UHH��/�������D��6SHFLHV�GLIIHUHQFHV�LQ
LPSDLUPHQW�DQG�UHFRYHU\�RI�DOYHRODU�PDFURSKDJH�IXQFWLRQV�IROORZLQJ�VLQJOH�DQG
UHSHDWHG�R]RQH�H[SRVXUHV���7R[LFRO��$SSO��3KDUPDFRO���������������

2RVWLQJ��5�6���9DQ�5HHV�9HUKRHI��0���9HUKRHI��-���9DQ�*ROGH��/�0�*���9DQ�%UHH��/�
�����E��(IIHFWV�RI�R]RQH�RQ�FHOOXODU�$73�OHYHOV�LQ�UDW�DQG�PRXVH�DOYHRODU
PDFURSKDJHV��7R[LFRORJ\�������������

2VKLPD��5��-����������'HYHORSPHQW�RI�D�V\VWHP�IRU�HYDOXDWLQJ�DQG�UHSRUWLQJ�HFRQRPLF�FURS
ORVVHV�FDXVHG�E\�DLU�SROOXWLRQ�LQ�&DOLIRUQLD���,,,��2]RQH�GRVDJH�FURS�ORVV�FRQYHUVLRQ
IXQFWLRQ��DOIDOID��VZHHW�FRUQ��,,,$��3URFHGXUHV�IRU�SURGXFWLRQ��R]RQH�HIIHFWV�RQ�DOIDOID
DQG�VZHHW�FRUQ��DQG�HYDOXDWLRQ�RI�WKHVH�V\VWHPV���6DFUDPHQWR��&$��&DOLIRUQLD�$LU
5HVRXUFHV�%RDUG��UHSRUW�QR��$5%�5���������������$YDLODEOH�IURP��17,6��6SULQJILHOG�
9$��3%��������

2VWUR��%�'���/LSVHWW��0�-���0DQQ��-�.���.UXSQLFN��$���+DUULQJWRQ��:����������$LU�SROOXWLRQ
DQG�UHVSLUDWRU\�PRUELGLW\�DPRQJ�DGXOWV�LQ�6RXWKHUQ�&DOLIRUQLD���$P��-��(SLGHPLRO�
�������������
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3DUNV��:��&���5RE\��-��'���������&RQVHTXHQFHV�RI�SURORQJHG�LQKDODWLRQ�RI�R]RQH�RQ�)����1
UDWV��FROODERUDWLYH�VWXGLHV��3DUW�,9��(IIHFWV�RQ�H[SUHVVLRQ�RI�H[WUDFHOOXODU�PDWUL[�JHQHV�
&DPEULGJH��0$��+HDOWK�(IIHFWV�,QVWLWXWH��UHVHDUFK�UHSRUW�QR�����

3DUPHWHU��-��5���-U���%HJD��5��9���1HII��7����������$�FKORURWLF�GHFOLQH�RI�SRQGHURVD�SLQH�LQ
VRXWKHUQ�&DOLIRUQLD���3ODQW�'LV��5HS�������������

3DWWRQ��5��/���������(IIHFWV�RI�R]RQH�DQG�VXOIXU�GLR[LGH�RQ�KHLJKW�DQG�VWHP�VSHFLILF�JUDYLW\�RI
3RSXOXV�K\EULGV��:DVKLQJWRQ��'&��86'$�)RUHVW�6HUYLFH�UHVHDUFK�SDSHU��SDSHU�QR�
1(�����

3HOO��(��-����������6HFRQGDU\�PHWDEROLVP�DQG�DLU�SROOXWDQWV���,Q��*DVHRXV�DLU�SROOXWLRQ�DQG
SODQW�PHWDEROLVP��SURFHHGLQJV�RI�WKH��QG�LQWHUQDWLRQDO�V\PSRVLXP��SS����������

3HOO��(��-���3HDUVRQ��1��6���������2]RQH�LQGXFHG�UHGXFWLRQ�LQ�TXDQWLW\�RI
ULEXORVH�����ELVSKRVSKDWH�FDUER[\ODVH�LQ�DOIDOID�IROLDJH��3ODQW�3K\VLRO�������������

3HWHUVRQ��'��/���6LOVEHH��'��*���3RWK��0���$UEDXJK��0��-���%LOHV��)��(���������*URZWK
UHVSRQVH�RI�ELJFRQH�'RXJODV�ILU��3VHXGRWVXJD�PDFURFDUSD��WR�ORQJ�WHUP�R]RQH
H[SRVXUH�LQ�VRXWKHUQ�&DOLIRUQLD��-��$LU�:DVWH�0DQDJH��$VVRF������������

3HWHUVRQ��'��/���$UEDXJK��0��-���������&RQLIHURXV�IRUHVWV�RI�WKH�&RORUDGR�IURQW�UDQJH��3DUW
%��SRQGHURVD�SLQH�VHFRQG�JURZWK�VWDQGV��,Q��2OVRQ��5��.���%LQNOH\��'���%RHKP��0��
HGV��7KH�UHVSRQVH�RI�ZHVWHUQ�IRUHVWV�WR�DLU�SROOXWLRQ��1HZ�<RUN��1<��6SULQJHU�9HUODJ�
SS������DQG�����������%LOOLQJV��:��'���*ROOH\��)���/DQJH��2��/���2OVRQ��-��6��
5HPPHUW��+��(FRORJLFDO�VWXGLHV��DQDO\VLV�DQG�V\QWKHVLV�Y������

3HWHUVRQ��'��/���$UEDXJK��0��-���/LQGD\��-��5���������5HJLRQDO�JURZWK�FKDQJHV�LQ
R]RQH�VWUHVVHG�SRQGHURVD�SLQH��3LQXV�SRQGHURVD��LQ�WKH�6LHUUD�1HYDGD��&DOLIRUQLD�
86$��+RORFHQH����������

3HWHUVRQ��'��/���$UEDXJK��0��-���������$Q�HYDOXDWLRQ�RI�WKH�HIIHFWV�RI�R]RQH�LQMXU\�RQ�UDGLDO
JURZWK�RI�SRQGHURVD�SLQH��3LQXV�SRQGHURVD��LQ�WKH�VRXWKHUQ�6LHUUD�1HYDGD��-$3&$����
��������

3HWHUVRQ��'��/���$UEDXJK��0��-���:DNHILHOG��9��$���0LOOHU��3��5���������(YLGHQFH�RI�JURZWK
UHGXFWLRQ�LQ�R]RQH�LQMXUHG�-HIIUH\�SLQH��3LQXV�MHIIUH\L�*UHY��DQG�%DOI���LQ�6HTXRLD�DQG
.LQJV�&DQ\RQ�1DWLRQDO�3DUNV��-$3&$�������������

3LQNHUWRQ��.��(���0§QDFKH��0��*����3ORSSHU��&��*���������&RQVHTXHQFHV�RI�SURORQJHG
LQKDODWLRQ�RI�R]RQH�RQ�)����1�UDWV��FROODERUDWLYH�VWXGLHV��3DUW�,;��&KDQJHV�LQ�WKH
WUDFKHREURQFKLDO�HSLWKHOLXP��SXOPRQDU\�DFLQXV��DQG�OXQJ�DQWLR[LGDQW�HQ]\PH�DFWLYLW\�
&DPEULGJH��0$��+HDOWK�(IIHFWV�,QVWLWXWH��SS���������UHVHDUFK�UHSRUW�QXPEHU����
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3LQNHUWRQ��.��(���'RGJH��'��(���&HGHUGDKO�'HPPOHU��-���:RQJ��9��-���3HDNH��-���+DVHOWRQ�
&��-���0HOOLFN��3��:���6LQJK��*���3ORSSHU��&��*���������'LIIHUHQWLDWHG�EURQFKLRODU
HSLWKHOLXP�LQ�DOYHRODU�GXFWV�RI�UDWV�H[SRVHG�WR�R]RQH�IRU����PRQWKV��$P��-��3DWKRO�
�������������

3LQNHUWRQ��.��(���0HUFHU��5��5���3ORSSHU��&��*���&UDSR��-��'���������'LVWULEXWLRQ�RI�LQMXU\
DQG�PLFURGRVLPHWU\�RI�R]RQH�LQ�WKH�YHQWLODWRU\�XQLW�RI�WKH�UDW��-��$SSO��3K\VLRO�����
��������

3LQR��0��9���0F'RQDOG��5��-���%HUU\��-��'���-RDG��-��3���7DUNLQJWRQ��%��.���+\GH��'��0�
�����D��)XQFWLRQDO�DQG�PRUSKRORJLF�FKDQJHV�FDXVHG�E\�DFXWH�R]RQH�H[SRVXUH�LQ�WKH
LVRODWHG�DQG�SHUIXVHG�UDW�OXQJ��$P��5HY��5HVSLU��'LV���������������

3LQR��0��9���6WRYDOO��0��<���/HYLQ��-��5���'HYOLQ��5��%���.RUHQ��+��6���+\GH��'��0�������E�
$FXWH�R]RQH�LQGXFHG�OXQJ�LQMXU\�LQ�QHXWURSKLO�GHSOHWHG�UDWV��7R[LFRO��$SSO��3KDUPDFRO�
�������������

3LQR��0��9���/HYLQ��-��5���6WRYDOO��0��<���+\GH��'��0�������F��3XOPRQDU\�LQIODPPDWLRQ�DQG
HSLWKHOLDO�LQMXU\�LQ�UHVSRQVH�WR�DFXWH�R]RQH�H[SRVXUH�LQ�WKH�UDW��7R[LFRO��$SSO�
3KDUPDFRO�������������

3ORSSHU��&��*���&KX��)��3���+DVHOWRQ��&��-���3HDNH��-���:X��-���3LQNHUWRQ��.��(�������D�
'RVH�GHSHQGHQW�WROHUDQFH�WR�R]RQH��,��WUDFKHREURQFKLDO�HSLWKHOLDO�UHRUJDQL]DWLRQ�LQ�UDWV
DIWHU����PRQWKV
�H[SRVXUH��$P��-��3DWKRO���������������

3ORSSHU��&��*���'XDQ��;���%XFNSLWW��$��5���3LQNHUWRQ��.��(�������E��'RVH�GHSHQGHQW
WROHUDQFH�WR�R]RQH��,9��6LWH�VSHFLILF�HOHYDWLRQ�LQ�DQWLR[LGDQW�HQ]\PHV�LQ�WKH�OXQJV�RI
UDWV�H[SRVHG�IRU����GD\V�RU����PRQWKV��7R[LFRO��$SSO��3KDUPDFRO���������������

3ORSSHU��&��*���+DUNHPD��-��5���/DVW��-��$���3LQNHUWRQ��.��(���7\OHU��:��6���6W��*HRUJH��-�
$���:RQJ��9��-���1LVKLR��6��-���:HLU��$��6���'XQJZRUWK��'��/���%DUU\��%��(���+\GH�
'��0���������7KH�UHVSLUDWRU\�V\VWHP�RI�QRQKXPDQ�SULPDWHV�UHVSRQGV�PRUH�WR�DPELHQW
FRQFHQWUDWLRQV�RI�R]RQH�WKDQ�GRHV�WKDW�RI�UDWV��,Q��%HUJOXQG��5��/���/DZVRQ��'��5��
0F.HH��'��-���HGV��7URSRVSKHULF�R]RQH�DQG�WKH�HQYLURQPHQW��SDSHUV�IURP�DQ
LQWHUQDWLRQDO�FRQIHUHQFH��0DUFK�������/RV�$QJHOHV��&$��3LWWVEXUJK��3$��$LU�	�:DVWH
0DQDJHPHQW�$VVRFLDWLRQ��SS������������$	:0$�WUDQVDFWLRQ�VHULHV�QR��75�����

3ORSSHU��&��*���'XQJZRUWK��'��/���7\OHU��:��6���&KRZ��&��.���������3XOPRQDU\�DOWHUDWLRQV
LQ�UDWV�H[SRVHG�WR�����DQG�����SSP�R]RQH��D�FRUUHODWHG�PRUSKRORJLFDO�DQG�ELRFKHPLFDO
VWXG\��$UFK��(QYLURQ��+HDOWK�������������

3´QN¢��$���������$VWKPD�DQG�ORZ�OHYHO�DLU�SROOXWLRQ�LQ�+HOVLQNL��$UFK��(QYLURQ��+HDOWK����
��������
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3RUWQH\��3�5���0XOODK\��-���������8UEDQ�DLU�TXDOLW\�DQG�FKURQLF�UHVSLUDWRU\�GLVHDVH���5HJ��6FL�
8UEDQ�(FRQ��������������

3UHVWRQ��(��0���7LQJH\��'��7����������7KH�1&/$1�SURJUDP�IRU�FURS�ORVV�DVVHVVPHQW��,Q�
+HFN��:��:���7D\ORU��2��&���7LQJH\��'��7��HGV���$VVHVVPHQW�RI�FURS�ORVV�IURP�DLU
SROOXWDQWV��SURFHHGLQJV�RI�DQ�LQWHUQDWLRQDO�FRQIHUHQFH��2FWREHU��������5DOHLJK��1&�
1HZ�<RUN��1<��(OVHYLHU�$SSOLHG�6FLHQFH��SS��������

3U\RU��:�$���������+RZ�IDU�GRHV�R]RQH�SHQHWUDWH�LQWR�WKH�SXOPRQDU\�DLU�WLVVXH�ERXQGDU\
EHIRUH�LW�UHDFWV"��)UHH�5DGLF��%LRO��0HG������������

3U\RU��:�$���������&DQ�YLWDPLQ�(�SURWHFW�KXPDQV�DJDLQVW�WKH�SDWKRORJLFDO�HIIHFWV�RI�R]RQH�LQ
VPRJ"��$P��-��&OLQ��1XWU��������������

3\H��-��0���������,PSDFW�RI�R]RQH�RQ�WKH�JURZWK�DQG�\LHOG�RI�WUHHV��D�UHYLHZ��-��(QYLURQ�
4XDO��������������

3\H��-��0���-��(��GH6WHLJHU��DQG�&��/RYH����������([SHUW�RSLQLRQ�VXUYH\�RQ�WKH�LPSDFW�RI�DLU
SROOXWDQWV�RQ�IRUHVWV�RI�WKH�86$���3URFHHGLQJV�RI�DLU�SROOXWLRQ�DQG�IRUHVW�GHFOLQH�
,QWHUODNHQ��6ZLW]HUODQG��2FW������

5DGKDNULVKQDPXUWK\��%���������&RQVHTXHQFHV�RI�SURORQJHG�LQKDODWLRQ�RI�R]RQH�RQ�)����1
UDWV��FROODERUDWLYH�VWXGLHV��3DUW�,,,��(IIHFWV�RQ�FRPSOH[�FDUERK\GUDWHV�RI�OXQJ
FRQQHFWLYH�WLVVXH��&DPEULGJH��0$��+HDOWK�(IIHFWV�,QVWLWXWH��UHVHDUFK�UHSRUW�QR�����

5DL]HQQH��0��(���%XUQHWW��5��7���6WHUQ��%���)UDQNOLQ��&��$���6SHQJOHU��-��'���������$FXWH
OXQJ�IXQFWLRQ�UHVSRQVHV�WR�DPELHQW�DFLG�DHURVRO�H[SRVXUHV�LQ�FKLOGUHQ��(QYLURQ��+HDOWK
3HUVSHFW��������������

5DL]HQQH��0�(���6SHQJOHU��-�'����������'RVLPHWULF�PRGHO�RI�DFXWH�KHDOWK�HIIHFWV�RI�R]RQH�DQG
DFLG�DHURVROV�LQ�FKLOGUHQ���,Q��6FKQHLGHU��7���/HH��6�'���:ROWHUV��*�-�5���*UDQW��/�'��
HGV��$WPRVSKHULF�R]RQH�UHVHDUFK�DQG�LWV�SROLF\�LPSOLFDWLRQV���SURFHHGLQJV�RI�WKH��UG
86�'XWFK�LQWHUQDWLRQDO�V\PSRVLXP��0D\�������1LMPHJHQ��7KH�1HWKHUODQGV�
$PVWHUGDP��7KH�1HWKHUODQGV��(OVHYLHU�6FLHQFH�3XEOLVKHUV��SS������������6WXGLHV�LQ
HQYLURQPHQWDO�VFLHQFH�����

5DL]HQQH��0���6WHUQ��%���%XUQHWW��5���6SHQJOHU��-���������$FXWH�UHVSLUDWRU\�IXQFWLRQ�DQG
WUDQVSRUWHG�DLU�SROOXWDQWV��REVHUYDWLRQDO�VWXGLHV��3UHVHQWHG�DW����WK�DQQXDO�PHHWLQJ�RI
WKH�$LU�3ROOXWLRQ�&RQWURO�$VVRFLDWLRQ��-XQH��1HZ�<RUN��1<��3LWWVEXUJK��3$��$LU
3ROOXWLRQ�&RQWURO�$VVRFLDWLRQ��SDSHU�QR����������

5DR��*��$���/DUNLQ��(��&���+DUNHPD��-��5���'XQJZRUWK��'��/�������D��&KDQJHV�LQ�WKH�OHYHOV
RI�SRO\XQVDWXUDWHG�IDWW\�DFLGV�LQ�WKH�OXQJ�DQG�OHFLWKLQ�FKROHVWHURO�DF\O�WUDQVIHUDVH
DFWLYLW\�LQ�SODVPD�RI�PRQNH\V�H[SRVHG�WR�DPELHQW�OHYHOV�RI�R]RQH��7R[LFRO��/HWW�����
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��������

5DR��*��$���/DUNLQ��(��&���+DUNHPD��-��5���'XQJZRUWK��'��/�������E��&KDQJHV�LQ�OLSLGV�RI
OXQJ�ODYDJH�LQ�PRQNH\V�DIWHU�FKURQLF�H[SRVXUH�WR�DPELHQW�OHYHOV�RI�R]RQH��7R[LFRO�
/HWW��������������

5HLQHUW��5��$���+HJJHVWDG��+��(���+HFN��:��:���������5HVSRQVH�DQG�JHQHWLF�PRGLILFDWLRQ�RI
SODQWV�IRU�WROHUDQFH�WR�DLU�SROOXWDQWV��,Q��&KULVWLDQVHQ��0��/���/HZLV��&��)���HGV�
%UHHGLQJ�SODQWV�IRU�OHVV�IDYRUDEOH�HQYLURQPHQWV��1HZ�<RUN��1<��-RKQ�:LOH\�DQG�6RQV�
SS����������

5HLVHQDXHU��&��6���.RHQLJ��-��4���0F0DQXV��0��6���6PLWK��0��6���.XVLF��*���3LHUVRQ��:��(�
�������3XOPRQDU\�UHVSRQVH�WR�R]RQH�H[SRVXUHV�LQ�KHDOWK\�LQGLYLGXDOV�DJHG����\HDUV�RU
JUHDWHU��-$3&$�����������

5HW]ODII��:��$���'H-RQJ��7��0���:LOOLDPV��/��(�������D��3KRWRV\QWKHVLV�DQG�JURZWK�UHVSRQVH
RI�DOPRQG�WR�LQFUHDVHG�DWPRVSKHULF�R]RQH�SDUWLDO�SUHVVXUHV��-��(QYLURQ��4XDO�����
��������

5HW]ODII��:��$���:LOOLDPV��/��(���'HMRQJ��7��0�������E��3KRWRV\QWKHVLV��JURZWK��DQG�\LHOG
UHVSRQVH�RI�
&DVVHOPDQ
�SOXP�WR�YDULRXV�R]RQH�SDUWLDO�SUHVVXUHV�GXULQJ�RUFKDUG
HVWDEOLVKPHQW��-��$P��6RF��+RUWLF��6FL���������������

5HW]ODII��:��$���:LOOLDPV��/��(���'H-RQJ��7��0���������7KH�HIIHFW�RI�GLIIHUHQW�DWPRVSKHULF
R]RQH�SDUWLDO�SUHVVXUHV�RQ�SKRWRV\QWKHVLV�DQG�JURZWK�RI�QLQH�IUXLW�DQG�QXW�WUHH�VSHFLHV�
7UHH�3K\VLRO������������

5LFKDUGV��%��/���0LGGOHWRQ��-��7���+HZLWW��:��%���������$LU�SROOXWLRQ�ZLWK�UHODWLRQ�WR
DJURQRPLF�FURSV��9��R[LGDQW�VWLSSOH�RI�JUDSH��$JURQ��-��������������

5RHPHU��:���+RHN��*���%UXQHNUHHI��%���������(IIHFW�RI�DPELHQW�ZLQWHU�DLU�SROOXWLRQ�RQ
UHVSLUDWRU\�KHDOWK�RI�FKLOGUHQ�ZLWK�FKURQLF�UHVSLUDWRU\�V\PSWRPV��$P��5HY��5HVSLU�
'LV���������������

5RNDZ��6�1��DQG�)��0DVVH\���$LU�SROOXWLRQ�DQG�FKURQLF�UHVSLUDWRU\�GLVHDVH��$P��5HY��5HVSLU�
'LV�������������������

5RRVH��0��/���%UDGVKDZ��$��'���5REHUWV��7��0���������(YROXWLRQ�RI�UHVLVWDQFH�WR�JDVHRXV�DLU
SROOXWDQWV��,Q��8QVZRUWK��0��+���2UPURG��'��3���HGV��(IIHFWV�RI�JDVHRXV�DLU�SROOXWLRQ
LQ�DJULFXOWXUH�DQG�KRUWLFXOWXUH��/RQGRQ��8QLWHG�.LQJGRP��%XWWHUZRUWK�6FLHQWLILF��SS�
��������

5\HU�3RZGHU��-�(���$PRUXVR��0�$���&]HUQLHFNL��%���:LW]��*���*ROGVWHLQ��%�'���������
,QKDODWLRQ�RI�R]RQH�SURGXFHV�D�GHFUHDVH�LQ�VXSHUR[LGH�DQLRQ�UDGLFDO�SURGXFWLRQ�LQ
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PRXVH�DOYHRODU�PDFURSKDJHV��$P��5HY��5HVSLU��'LV�����������������

6DPXHOVRQ��/��-���(GZDUGV��*��6���������$�FRPSDULVRQ�RI�VHQVLWLYLW\�WR�R]RQH�LQ�VHHGOLQJV�DQG
WUHHV�RI�4XHUFXV�UXEUD�/��1HZ�3K\WRO��������������

6DVHN��7��:���5LFKDUGVRQ��&��-���)HQGLFN��(��$���%HYLQJWRQ��6��5���.UHVV��/��:��������
&DUU\RYHU�HIIHFWV�RI�DFLG�UDLQ�DQG�R]RQH�RQ�WKH�SK\VLRORJ\�RI�PXOWLSOH�IOXVKHV�RI
OREOROO\�SLQH�VHHGOLQJV��)RU��6FL����������������

6FKHOHJOH��(�6���6LHINLQ��$�'���0F'RQDOG��5�-����������7LPH�FRXUVH�RI�R]RQH�LQGXFHG
QHXWURSKLOLD�LQ�QRUPDO�KXPDQV���$P��5HY��5HVSLU��'LV����������������

6FKHOHJOH��(��6���$GDPV��:��&���������5HGXFHG�H[HUFLVH�WLPH�LQ�FRPSHWLWLYH�VLPXODWLRQV
FRQVHTXHQW�WR�ORZ�OHYHO�R]RQH�H[SRVXUH��0HG��6FL��6SRUWV�([HUFLVH�������������

6FKPLW]EHUJHU��5���5KRPEHUJ��.���%XFKHOH��+���HW�DO���������(IIHFWV�RI�DLU�SROOXWLRQ�RQ�WKH
UHVSLUDWRU\�V\VWHPV�RI�FKLOGUHQ��3HGLDWU��3XOPRQRO������������

6FKRHWWOLQ��&�(��DQG�(��/DQGDX��$LU�SROOXWLRQ�DQG�DVWKPDWLF�DWWDFNV�LQ�WKH�/RV�$QJHOHV�DUHD�
3XEOLF�+HDOWK�5HS�������������������

6FKXOWKHLV��$��+���%DVVHWW��'��-��3���������,QIODPPDWRU\�FHOO�LQIOX[�LQWR�R]RQH�H[SRVHG�JXLQHD
SLJ�OXQJ�LQWHUVWLWLDO�DQG�DLUZD\V�VSDFHV��$JHQWV�$FWLRQV�������������

6FKXO]H��(��'���+DOO��$��(����������6WRPDWDO�UHVSRQVHV��ZDWHU�ORVV�DQG�&2��DVVLPLODWLRQ�UDWHV
RI�SODQWV�LQ�FRQWUDVWLQJ�HQYLURQPHQWV���,Q��/DQJH��2��/���1REHO��3��6���2VPRQG��&��%��
=LHJOHU��+���HGV��3K\VLRORJLFDO�SODQW�HFRORJ\�,,��SS������������(QF\FORSHGLD�RI�SODQW
SK\VLRORJ\�QHZ�VHULHV����%��

6FKZDUW]��-�������D��$LU�SROOXWLRQ�DQG�KRVSLWDO�DGPLVVLRQV�IRU�WKH�HOGHUO\�LQ�%LUPLQJKDP�
$ODEDPD��$P��-��(SLGHPLRO���������������

6FKZDUW]��-�������E��$LU�SROOXWLRQ�DQG�KRVSLWDO�DGPLVVLRQV�IRU�WKH�HOGHUO\�LQ�'HWURLW��0,��$P�
-��5HVSLU��&ULW��&DUH�0HG���������������

6FKZDUW]��-�������F��30����R]RQH��DQG�KRVSLWDO�DGPLVVLRQV�IRU�WKH�HOGHUO\�LQ�0LQQHDSROLV�
01��$UFK��(QYLURQ��+HDOWK��������������

6FKZDUW]��-����������3DUWLFXODWH�DLU�SROOXWLRQ�DQG�GDLO\�PRUWDOLW\�LQ�'HWURLW���(QYLURQ��5HV�����
��������

6FKZDUW]��-���������/XQJ�IXQFWLRQ�DQG�FKURQLF�H[SRVXUH�WR�DLU�SROOXWLRQ��D�FURVV�VHFWLRQDO
DQDO\VLV�RI�1+$1(6�,,��(QYLURQ��5HV��������������
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6FKZDUW]��/��:���'XQJZRUWK��'��/���0XVWDID��0��*���7DUNLQJWRQ��%��.���7\OHU��:��6��������
3XOPRQDU\�UHVSRQVHV�RI�UDWV�WR�DPELHQW�OHYHOV�RI�R]RQH��HIIHFWV�RI���GD\�LQWHUPLWWHQW�RU
FRQWLQXRXV�H[SRVXUH��/DE��,QYHVW��������������

6HDO��(���-U���0F'RQQHOO��:��)���+RXVH��'��(���������7KH�HIIHFW�RI�DJH��VRFLRHFRQRPLF
VWDWXV��DQG�PHQVWUXDO�F\FOH�RQ�WKH�SXOPRQDU\�UHVSRQVH�WR�R]RQH��5HVHDUFK�7ULDQJOH
3DUN��1&��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��+HDOWK�(IIHFWV�5HVHDUFK
/DERUDWRU\��PDQXVFULSW�VXEPLWWHG�IRU�SXEOLFDWLRQ�

6HDO��(���-U���0F'RQQHOO��:��)���+RXVH��'��(���6DODDP��6��$���'HZLWW��3��-���%XWOHU��6��2��
*UHHQ��-���5DJJLR��/���������7KH�SXOPRQDU\�UHVSRQVH�RI�ZKLWH�DQG�EODFN�DGXOWV�WR�VL[
FRQFHQWUDWLRQV�RI�R]RQH��$P��5HY��5HVSLU��'LV���������������

6HFRQG�3URJUHVV�5HSRUW�RI�)25(67��$Q�,QWHUDJHQF\�&RRSHUDWLYH�3URMHFW��)RUHVW�2]RQH
5HVSRQVH�67XG\��'UDIW��)HE���������3UHSDUHG�E\�WKH�)25(67�'DWD�$UFKLYLQJ�DQG
$QDO\VLV�*URXS�

6HOJUDGH��0��.���'DQLHOV��0��-���*URVH��(��&���������$FXWH��VXEFKURQLF��DQG�FKURQLF
H[SRVXUH�WR�D�VLPXODWHG�XUEDQ�SURILOH�RI�R]RQH��HIIHFWV�RQ�H[WUDSXOPRQDU\�QDWXUDO�NLOOHU
FHOO�DFWLYLW\�DQG��O\PSKRF\WH�PLWRJHQLF�UHVSRQVHV��,QKDODWLRQ�7R[LFRO�������������

6HOW]HU��-���%LJE\��%��*���6WXOEDUJ��0���+ROW]PDQ��0��-���1DGHO��-��$���8HNL��,��)���/HLNDXI�
*��'���*RHW]O��(��-���%RXVKH\��+��$���������2��LQGXFHG�FKDQJH�LQ�EURQFKLDO�UHDFWLYLW\
WR�PHWKDFKROLQH�DQG�DLUZD\�LQIODPPDWLRQ�LQ�KXPDQV��-��$SSO��3K\VLRO����������������

6HOZ\Q��%�-���6WRFN��7�+���+DUG\��5�-���&KDQ��)�$���-HQNLQV��'�(���.RWFKPDU��'�-��
&KDSPDQ��5�6����������+HDOWK�HIIHFWV�RI�DPELHQW�R]RQH�H[SRVXUH�LQ�YLJRURXVO\
H[HUFLVLQJ�DGXOWV���,Q��/HH��6�'���HG��(YDOXDWLRQ�RI�WKH�VFLHQWLILF�EDVLV�IRU
R]RQH�R[LGDQWV�VWDQGDUGV��SURFHHGLQJV�RI�DQ�$3&$�LQWHUQDWLRQDO�VSHFLDOW\�FRQIHUHQFH�
1RYHPEHU�������+RXVWRQ��7;��3LWWVEXUJK��3$��$LU�3ROOXWLRQ�&RQWURO�$VVRFLDWLRQ��SS�
����������$3&$�LQWHUQDWLRQDO�VSHFLDOW\�FRQIHUHQFH�WUDQVDFWLRQV��75����

6KDYHU��&��/���7RQQHVVHQ��.��$���0DQLHUR��7��*����������&OHDULQJ�WKH�DLU�DW�*UHDW�6PRN\
0RXQWDLQV�1DWLRQDO�3DUN��(FRO��$SS�������������

6KHUZLQ��5�3����������$LU�SROOXWLRQ��WKH�SDWKRELRORJLF�LVVXHV��-��7R[LFRO��&OLQ��7R[LFRO�����
��������

6KHUZLQ��5�3���5LFKWHUV��9���������&HQWULDFLQDU�UHJLRQ��&$5��GLVHDVH�LQ�WKH�OXQJV�RI�\RXQJ
DGXOWV��D�SUHOLPLQDU\�UHSRUW��,Q��%HUJOXQG��5�/���/DZVRQ��'�5���0F.HH��'�-���HGV�
7URSRVSKHULF�R]RQH�DQG�WKH�HQYLURQPHQW��SDSHUV�IURP�DQ�LQWHUQDWLRQDO�FRQIHUHQFH�
0DUFK�������/RV�$QJHOHV��&$��3LWWVEXUJK��3$��$LU�	�:DVWH�0DQDJHPHQW
$VVRFLDWLRQ��SS������������$	:0$�WUDQVDFWLRQ�VHULHV�QR��75�����
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6KHUZLQ��5��3���5LFKWHUV��9���������(IIHFW�RI�����SSP�R]RQH�H[SRVXUH�RQ�W\SH�,,�FHOOV�DQG
DOYHRODU�ZDOOV�RI�QHZERUQ�PLFH��DQ�LPDJH�DQDO\VLV�TXDQWLWDWLRQ��-��7R[LFRO��(QYLURQ�
+HDOWK�������������

6KRZPDQ��5��(���������$�FRPSDULVRQ�RI�R]RQH�LQMXU\�WR�YHJHWDWLRQ�GXULQJ�PRLVW�DQG�GURXJKW
\HDUV��-��$LU�:DVWH�0DQDJH��$VVRF������������

6KXPZD\��5�+���$]DUL��$�6���3DZLWDQ��<���������0RGHOLQJ�PRUWDOLW\�IOXFWXDWLRQV�LQ�/RV
$QJHOHV�DV�IXQFWLRQV�RI�SROOXWLRQ�DQG�ZHDWKHU�HIIHFWV��(QYLURQ��5HV��������������

6LHUUD�&RRSHUDWLYH�2]RQH�,PSDFW�$VVHVVPHQW�6WXG\��<HDU����9ROXPH����&DOLIRUQLD
(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��$LU�5HVRXUFHV�%RDUG��&RQWUDFW�1R��$���������
)LQDO�5HSRUW��2FWREHU������

6LPLQL��0���6NHOO\��-��0���'DYLV��'��'���6DYDJH��-��(���&RPULH��$��&���������6HQVLWLYLW\�RI
IRXU�KDUGZRRG�VSHFLHV�WR�DPELHQW�R]RQH�LQ�QRUWK�FHQWUDO�3HQQV\OYDQLD��&DQ��-��)RU�
5HV����������������

6NHOO\��-��0���<DQJ��<��6���&KHYRQH��%��,���/RQJ��6��-���1HOOHVVHQ��-��(���:LQQHU��:�(�
��������2]RQH�FRQFHQWUDWLRQV�DQG�WKHLU�LQIOXHQFH�RQ�IRUHVW�VSHFLHV�LQ�WKH�%OXH�5LGJH
0RXQWDLQV�RI�9LUJLQLD���,Q��'DYLV��'�'���0LOOHQ��$�$���'RFKLQJHU��/���HGV��$LU
SROOXWLRQ�DQG�WKH�SURGXFWLYLW\�RI�WKH�IRUHVW��SURFHHGLQJV�RI�WKH�V\PSRVLXP��2FWREHU
������:DVKLQJWRQ��'&��$UOLQJWRQ��9$��,]DDN�:DOWRQ�/HDJXH�RI�$PHULFD�(QGRZPHQW�
SS����������

6O\��0�'���������0RUWDOLW\�IURP�DVWKPD�LQ�FKLOGUHQ������������$QQ��$OOHUJ\�������������

6RORPRQ��3��$���6DOPRQ��/��*���)DOO��7���&DVV��*��5����������6SDWLDO�DQG�WHPSRUDO
GLVWULEXWLRQ�RI�DWPRVSKHULF�QLWULF�DFLG�DQG�SDUWLFXODWH�QLWUDWH�FRQFHQWUDWLRQV�LQ�WKH�/RV
$QJHOHV�DUHD���(QYLURQ��6FL��7HFKQRO����������������

6SHNWRU��'��0���/LSSPDQQ��0���������+HDOWK�HIIHFWV�RI�DPELHQW�R]RQH�RQ�KHDOWK\�FKLOGUHQ�DW�D
VXPPHU�FDPS���,Q��%HUJOXQG��5��/���/DZVRQ��'��5���0F.HH��'��-���HGV��7URSRVSKHULF
R]RQH�DQG�WKH�HQYLURQPHQW��SDSHUV�IURP�DQ�LQWHUQDWLRQDO�FRQIHUHQFH��0DUFK�������/RV
$QJHOHV��&$��3LWWVEXUJK��3$��$LU�	�:DVWH�0DQDJHPHQW�$VVRFLDWLRQ��SS���������
�$	:0$�WUDQVDFWLRQ�VHULHV�QR��75�����

6SHNWRU��'��0���7KXUVWRQ��*��'���0DR��-���+H��'���+D\HV��&���/LSSPDQQ��0���������(IIHFWV
RI�VLQJOH��DQG�PXOWLGD\�R]RQH�H[SRVXUHV�RQ�UHVSLUDWRU\�IXQFWLRQ�LQ�DFWLYH�QRUPDO
FKLOGUHQ��(QYLURQ��5HV��������������

6SHNWRU��'��0���/LSSPDQ��0���/LR\��3��-���7KXUVWRQ��*��'��V�&LWDN��.���-DPHV��'��-���%RFN�
1���6SHL]HU��)��(���+D\HV��&�������D��(IIHFWV�RI�DPELHQW�R]RQH�RQ�UHVSLUDWRU\�IXQFWLRQ�LQ
DFWLYH��QRUPDO�FKLOGUHQ��$P��5HY��5HVSLU��'LV���������������
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6SHNWRU��'��0���/LSSPDQQ��0���7KXUVWRQ��*��'���/LR\��3��-���6WHFNR��-���2
&RQQRU��*��
*DUVKLFN��(���6SHL]HU��)��(���+D\HV��&�������E��(IIHFWV�RI�DPELHQW�R]RQH�RQ
UHVSLUDWRU\�IXQFWLRQ�LQ�KHDOWK\�DGXOWV�H[HUFLVLQJ�RXWGRRUV��$P��5HY��5HVSLU��'LV������
��������

6SHQFH��5��'���5\NLHO��(��-���-U���6KDUSH��3��-��+���������2]RQH�DOWHUV�FDUERQ�DOORFDWLRQ�LQ
OREOROO\�SLQH��DVVHVVPHQW�ZLWK�FDUERQ����ODEHOLQJ��(QYLURQ��3ROOXW�������������

6SLHU��&�(��HW�DO����������$FWLYLW\�3DWWHUQV�LQ�(OHPHQWDU\�DQG�+LJK�6FKRRO�6WXGHQWV�([SRVHG
WR�2[LGDQW�3ROOXWLRQ���-RXUQDO�RI�([SRVXUH�$QDO\VLV�DQG�(QYLURQPHQWDO�(SLGHPLRORJ\�
9RO�����SS����������

6WDVLXN��:��1���-U���&RIIH\��3��(���������5XUDO�DQG�XUEDQ�R]RQH�UHODWLRQVKLSV�LQ�1HZ�<RUN
6WDWH��-��$LU�3ROOXW��&RQWURO�$VVRF��������������

6WHUQ��%��5���5DL]HQQH��0��(���%XUQHWW��5��7���-RQHV��/���.HDUQH\��-���)UDQNOLQ��&��$��������
$LU�SROOXWLRQ�DQG�FKLOGKRRG�UHVSLUDWRU\�KHDOWK��H[SRVXUH�WR�VXOIDWH�DQG�R]RQH�LQ���
&DQDGLDQ�UXUDO�FRPPXQLWLHV��(QYLURQ��5HV��������������

6WHUQ��%���-RQHV��/���5DL]HQQH��0���%XUQHWW��5���0HUDQJHU��-��&���)UDQNOLQ��&��$��������
5HVSLUDWRU\�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�DPELHQW�VXOIDWHV�DQG�R]RQH�LQ�WZR�UXUDO
&DQDGLDQ�FRPPXQLWLHV��(QYLURQ��5HVHDUFK�����������

6WRFN��7�+���.RWFKPDQ��'�-���&RQWDQW��&�)���HW�DO����������7KH�(VWLPDWLRQ�RI�3HUVRQDO
([SRVXUHV�WR�$LU�3ROOXWDQWV�IRU�D�&RPPXQLW\�%DVHG�6WXG\�RI�+HDOWK�(IIHFWV�LQ
$VWKPDWLFV���'HVLJQ�DQG�5HVXOWV�RI�$LU�0RQLWRULQJ���-RXUQDO�RI�WKH�$LU�3ROOXWLRQ
&RQWURO�$VVRFLDWLRQ��9RO������S�������

6WRZ��7��.���$OOHQ��+��/���.UHVV��/��:���������2]RQH�LPSDFWV�RQ�VHDVRQDO�IROLDJH�G\QDPLFV
RI�\RXQJ�OREOROO\�SLQH��)RU��6FL��������������

6]DUHN��-��/���������&RQVHTXHQFHV�RI�SURORQJHG�LQKDODWLRQ�RI�R]RQH�RQ�)����1�UDWV�
FROODERUDWLYH�VWXGLHV��3DUW�,,��0HFKDQLFDO�SURSHUWLHV��UHVSRQVHV�WR�EURQFKRDFWLYH
VWLPXOL��DQG�HLFRVDQRLG�UHOHDVH�LQ�LVRODWHG�ODUJH�DQG�VPDOO�DLUZD\V��&DPEULGJH��0$�
+HDOWK�(IIHFWV�,QVWLWXWH��UHVHDUFK�UHSRUW�QR�����

7DQ��:��&���%HWKHO��5��$���������7KH�HIIHFW�RI�SODWHOHW�DFWLYDWLQJ�IDFWRU�DQWDJRQLVW�RQ�R]RQH�
LQGXFHG�DLUZD\�LQIODPPDWLRQ�DQG�EURQFKLDO�K\SHUUHVSRQVLYHQHVV�LQ�JXLQHD�SLJV��$P�
5HY��5HVSLU��'LV���������������

7D\ORU��*��(���-U���-RKQVRQ��'��:���$QGHUVHQ��&��3����������$LU�SROOXWLRQ�DQG�IRUHVW
HFRV\VWHPV��D�UHJLRQDO�WR�JOREDO�SHUVSHFWLYH��(FRO��$SSO�������������



5���

7D\ORU��*���'DYLHV��:��-���������5RRW�JURZWK�RI�)DJXV�V\OYDWLFD��LPSDFW�RI�DLU�TXDOLW\�DQG
GURXJKW�DW�D�VLWH�LQ�VRXWKHUQ�%ULWDLQ��1HZ�3K\WRO���������������

7D\ORU��*��(���-U���1RUE\��5��-���������7KH�VLJQLILFDQFH�RI�HOHYDWHG�OHYHOV�RI�R]RQH�RQ�QDWXUDO
HFRV\VWHPV�RI�1RUWK�$PHULFD��,Q��/HH��6��'���HG��(YDOXDWLRQ�RI�WKH�VFLHQWLILF�EDVLV�IRU
R]RQH�R[LGDQWV�VWDQGDUGV��SURFHHGLQJV�RI�DQ�$3&$�LQWHUQDWLRQDO�VSHFLDOW\�FRQIHUHQFH�
1RYHPEHU�������+RXVWRQ��7;��3LWWVEXUJK��3$��$LU�3ROOXWLRQ�&RQWURO�$VVRFLDWLRQ��SS�
����������$3&$�WUDQVDFWLRQV��75����

7HPSOH��3��-���5LHFKHUV��*��+���0LOOHU��3��5���/HQQR[��5��:���������*URZWK�UHVSRQVHV�RI
SRQGHURVD�SLQH�WR�ORQJ�WHUP�H[SRVXUH�WR�R]RQH��ZHW�DQG�GU\�DFLGLF�GHSRVLWLRQ��DQG
GURXJKW��&DQ��-��)RU��5HV������������

7HPSOH��3��-���������*URZWK�DQG�\LHOG�UHVSRQVHV�RI�SURFHVVLQJ�WRPDWR��/\FRSHUVLFRQ
HVFXOHQWXP�0LOO���FXOWLYDUV�WR�R]RQH��(QYLURQ��([S��%RW��������������

7HPSOH��3��-���%HQRLW��/��)���������(IIHFWV�RI�R]RQH�DQG�ZDWHU�VWUHVV�RQ�FDQRS\�WHPSHUDWXUH�
ZDWHU�XVH��DQG�ZDWHU�XVH�HIILFLHQF\�RI�DOIDOID��$JURQ��-��������������

7HPSOH��3��-���.XSSHU��5��6���/HQQR[��5��:���5RKU��.���������,QMXU\�DQG�\LHOG�UHVSRQVHV�RI
GLIIHUHQWLDOO\�LUULJDWHG�FRWWRQ�WR�R]RQH��$JURQ��-��������������

7HPSOH��3��-���7D\ORU��2��&���%HQRLW��/��)���������<LHOG�UHVSRQVH�RI�KHDG�OHWWXFH��/DFWXFD
VDWLYD��WR�R]RQH��(QYLURQ��([S��%RW������������

7HQKXQHQ��-��'���0H\HU��$���/DQJH��2��/���*DWHV��'��0����������'HYHORSPHQW�RI�D
SKRWRV\QWKHVLV�PRGHO�ZLWK�DQ�HPSKDVLV�RQ�HFRORJLFDO�DSSOLFDWLRQV���9��7HVW�RI
DSSOLFDELOLW\�RI�D�VWHDG\�VWDWH�PRGHO�WR�GHVFULSWLRQ�RI�QHW�SKRWRV\QWKHVLV�RI�3UXQXV
DUPHQLDFD�XQGHU�ILHOG�FRQGLWLRQV���2HFRORJLD�������������

7HSSHU��-��6���HW�DO���������7LPH�FRXUVH�RI�LQIODPPDWLRQ�LQ�WKH�UDW�H[SRVHG�WR�R]RQH�IRU�VKRUW
DQG�SURORQJHG�SHULRGV�ZLWK�LQWHUPLWWHQW�K\SHUYHQWLODWLRQ���5HVHDUFK�7ULDQJOH�3DUN��1&�
8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��1DWLRQDO�+HDOWK�	�(QYLURQPHQWDO�(IIHFWV
5HVHDUFK�/DERUDWRU\��3XOPRQDU\�7R[LFRORJ\�%UDQFK�

7HSSHU��-��6���&RVWD��'��/���'RHUIOHU��'���/HKPDQQ��-��5���6WHYHQV��0��$���0DGGHQ��0��&�
�������7KH�UHODWLYH�FRQWULEXWLRQ�RI�FRQFHQWUDWLRQ�DQG�GXUDWLRQ�WR�R]RQH��2���LQGXFHG
OXQJ�LQMXU\��)XQGDP��$SSO��7R[LFRO���VXEPLWWHG�

7KXUVWRQ��*�'���.LQQH\��3�/����������$LU�SROOXWLRQ�HSLGHPLRORJ\��FRQVLGHUDWLRQV�LQ�WLPH�
VHULHV�PRGHOLQJ���,QKDODWLRQ�7R[LFRO����������

7KXUVWRQ��*�'���,WR��.���+D\HV��&�*���%DWHV��'�9���/LSSPDQQ��0���������5HVSLUDWRU\
KRVSLWDO�DGPLVVLRQV�DQG�VXPPHUWLPH�KD]H�DLU�SROOXWLRQ�LQ�7RURQWR��2QWDULR�
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FRQVLGHUDWLRQ�RI�WKH�UROH�RI�DFLG�DHURVROV��(QYLURQ��5HV��������������

7KXUVWRQ��*�'���,WR��.���.LQQH\��3�/���/LSSPDQQ��0����������$�PXOWL�\HDU�VWXG\�RI�DLU
SROOXWLRQ�DQG�UHVSLUDWRU\�KRVSLWDO�DGPLVVLRQV�LQ�WKUHH�1HZ�<RUN�6WDWH�PHWURSROLWDQ
DUHDV���UHVXOWV�IRU������DQG������VXPPHUV���-��([SRVXUH�$QDO��(QYLURQ��(SLGHPLRO�
����������

7LQJH\��'��7���+RJVHWW��:��(���/HH��(��+����������$QDO\VLV�RI�FURS�ORVV�IRU�DOWHUQDWLYH�R]RQH
H[SRVXUH�LQGLFHV���,Q��6FKQHLGHU��7���/HH��6�'���:ROWHUV��*�-�5���*UDQW��/�'���HGV�
$WPRVSKHULF�R]RQH�UHVHDUFK�DQG�LWV�SROLF\�LPSOLFDWLRQV��SURFHHGLQJV�RI�WKH��UG�86�
'XWFK�LQWHUQDWLRQDO�V\PSRVLXP��0D\�������1LMPHJHQ��7KH�1HWKHUODQGV��$PVWHUGDP�
7KH�1HWKHUODQGV��(OVHYLHU�6FLHQFH�3XEOLVKHUV��SS������������6WXGLHV�LQ�HQYLURQPHQWDO
VFLHQFH�����

7LQJH\��'��7���7D\ORU��*��(���-U���������9DULDWLRQ�LQ�SODQW�UHVSRQVH�WR�R]RQH��D�FRQFHSWXDO
PRGHO�RI�SK\VLRORJLFDO�HYHQWV��,Q��8QVZRUWK��0��+���2UPURG��'��3���HGV��(IIHFWV�RI
JDVHRXV�DLU�SROOXWLRQ�LQ�DJULFXOWXUH�DQG�KRUWLFXOWXUH��/RQGRQ��8QLWHG�.LQJGRP�
%XWWHUZRUWK�6FLHQWLILF��SS����������

7LQJH\��'��7���:LOKRXU��5��*���6WDQGOH\��&����������7KH�HIIHFW�RI�FKURQLF�R]RQH�H[SRVXUHV�RQ
WKH�PHWDEROLWH�FRQWHQW�RI�SRQGHURVD�SLQH�VHHGOLQJV���)RU��6FL��������������

7MRHONHU��0��*���/X[PRRUH��5��-���������6RLO�QLWURJHQ�DQG�FKURQLF�R]RQH�VWUHVV�LQIOXHQFH
SK\VLRORJ\��JURZWK�DQG�QXWULHQW�VWDWXV�RI�3LQXV�WDHGD�/��DQG�/LULRGHQGURQ�WXOLSLIHUD�/�
VHHGOLQJV��1HZ�3K\WRO�������������

7RELHVVHQ��3���������'DUN�RSHQLQJ�RI�VWRPDWD�LQ�VXFFHVVLRQDO�WUHHV��2HFRORJLD����������

7RQQHLMFN��$��(��*���������8VH�RI�VHYHUDO�SODQW�VSHFLHV�DV�LQGLFDWRUV�RI�DPELHQW�R]RQH�
H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV��,Q��)XKUHU��-���$FKHUPDQQ��%���HGV��&ULWLFDO�OHYHOV�IRU
R]RQH��D�81�(&(�ZRUNVKRS�UHSRUW��1RYHPEHU�������%HUQ��6ZLW]HUODQG��/LHEHIHOG�
%HUQ��6ZLW]HUODQG��6ZLVV�)HGHUDO�5HVHDUFK�6WDWLRQ�IRU�$JULFXOWXUDO�&KHPLVWU\�DQG
(QYLURQPHQWDO�+\JLHQH��SS����������

7RQQHLMFN��$��(��*���%XJWHU��5��-��)����������%LRORJLFDO�PRQLWRULQJ�RI�R]RQH�HIIHFWV�RQ
LQGLFDWRU�SODQWV�LQ�WKH�1HWKHUODQGV��LQLWLDO�UHVHDUFK�RQ�H[SRVXUH�UHVSRQVH�IXQFWLRQV�
9',�%HU�����������������

7RXPH\��-��:���.RUVWLDQ��&��)���������6HHGOLQJ�DQG�SODQWLQJ�LQ�WKH�SUDFWLFH�RI�IRUHVWU\��(G�
���:LOH\��1HZ�<RUN�

7UHVKRZ��0���������3ROOXWLRQ�HIIHFWV�RQ�SODQW�GLVWULEXWLRQ��(QYLURQ��&RQVHUY�������������

7XFNHU��+�*����������(IIHFWV�RI�DLU�SROOXWLRQ�DQG�WHPSHUDWXUH�RQ�UHVLGHQWV�RI�QXUVLQJ�KRPHV�LQ
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WKH�/RV�$QJHOHV�DUHD���%HUNHOH\��&$��&DOLIRUQLD�6WDWH�3XEOLF�+HDOWK�

7\OHU��:��6���7\OHU��1��.���0DJOLDQR��'��-���+LQGV��'��0���7DUNLQJWRQ��%���-XOLDQ��0��'��
+\GH��'��0���3ORSSHU��&��*���'XQJZRUWK��'��/���������(IIHFWV�RI�R]RQH�LQKDODWLRQ�RQ
OXQJV�RI�MXYHQLOH�PRQNH\V��0RUSKRPHWU\�DIWHU�D����PRQWK�H[SRVXUH�DQG�IROORZLQJ�D��
PRQWK�SRVW�H[SRVXUH�SHULRG��,Q��%HUJOXQG��5��/���/DZVRQ��'��5���0F.HH��'��-���HGV�
7URSRVSKHULF�R]RQH�DQG�WKH�HQYLURQPHQW��SDSHUV�IURP�DQ�LQWHUQDWLRQDO�FRQIHUHQFH�
0DUFK�������/RV�$QJHOHV��&$��3LWWVEXUJK��3$��$LU�	�:DVWH�0DQDJHPHQW
$VVRFLDWLRQ��SS������������$	:0$�WUDQVDFWLRQ�VHULHV�QR��75�����

7\OHU��:��6���7\OHU��1��.���/DVW��-��$���*LOOHVSLH��0��-���%DUVWRZ��7��-���������&RPSDULVRQ
RI�GDLO\�DQG�VHDVRQDO�H[SRVXUHV�RI�\RXQJ�PRQNH\V�WR�R]RQH��7R[LFRORJ\�������������

8PEDFK��'��0���'DYLV��'��'���������6HYHULW\�DQG�IUHTXHQF\�RI�62��LQGXFHG�OHDI�QHFURVLV�RQ
VHHGOLQJV�RI����WUHH�VSHFLHV��)RU��6FL��������������

8�6��'HSDUWPHQW�RI�$JULFXOWXUH���������)RUHVW�+HDOWK�0RQLWRULQJ��6XPPDU\�5HSRUW��1HZ
(QJODQG�0LG�$WODQWLF���������86'$�)RUHVW�6HUYLFH��1(�1$�,1)�����5���

8�6��'HSDUWPHQW�RI�$JULFXOWXUH���������8VXDO�3ODQWLQJ�DQG�+DUYHVWLQJ�'DWHV�IRU�8�6��)LHOG
&URSV���6WDWLVWLFDO�5HSRUWLQJ�6HUYLFH�$JULFXOWXUDO�+DQGERRN�1R������

8�6��'HSDUWPHQW�RI�+HDOWK��(GXFDWLRQ��DQG�:HOIDUH����������$LU�TXDOLW\�FULWHULD�IRU
SKRWRFKHPLFDO�R[LGDQWV���:DVKLQJWRQ��'&��1DWLRQDO�$LU�3ROOXWLRQ�&RQWURO
$GPLQLVWUDWLRQ��SXEOLFDWLRQ�QR��$3������$YDLODEOH�IURP���17,6��6SULQJILHOG��9$��3%�
�������%$�

8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV���������9LWDO�DQG�KHDOWK�VWDWLVWLFV��FXUUHQW
HVWLPDWHV�IURP�WKH�QDWLRQDO�KHDOWK�LQWHUYLHZ�VXUYH\���������+\DWWVYLOOH��0'��3XEOLF
+HDOWK�6HUYLFH��1DWLRQDO�&HQWHU�IRU�+HDOWK�6WDWLVWLFV��'++6�SXEOLFDWLRQ�QR���3+6�����
�����

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�������D��$LU�TXDOLW\�FULWHULD�IRU�R]RQH�DQG�UHODWHG
SKRWRFKHPLFDO�R[LGDQWV��5HVHDUFK�7ULDQJOH�3DUN��1&��2IILFH�RI�+HDOWK�DQG
(QYLURQPHQWDO�$VVHVVPHQW��(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW�2IILFH��(3$�UHSRUW
QRV��(3$�����3�������D)�F)�

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�������E��$LU�TXDOLW\�FULWHULD�IRU�SDUWLFXODWH�PDWWHU�
5HVHDUFK�7ULDQJOH�3DUN��1&��2IILFH�RI�+HDOWK�DQG�(QYLURQPHQWDO�$VVHVVPHQW�
(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW�2IILFH��(3$�UHSRUW�QRV��(3$�����3�������F)�

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������(0$3��7KH�(QYLURQPHQWDO�0RQLWRULQJ�DQG
$VVHVVPHQW�3URJUDP��:DVKLQJWRQ��'&��2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW���(3$
UHSRUW�QR��(3$�����1���������-XO\������
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8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�����������6XPPDU\�RI�VHOHFWHG�QHZ�LQIRUPDWLRQ�RQ
HIIHFWV�RI�R]RQH�RQ�KHDOWK�DQG�YHJHWDWLRQ��VXSSOHPHQW�WR������DLU�TXDOLW\�FULWHULD�IRU
R]RQH�DQG�RWKHU�SKRWRFKHPLFDO�R[LGDQWV���5HVHDUFK�7ULDQJOH�3DUN��1&��2IILFH�RI
+HDOWK�DQG�(QYLURQPHQWDO�$VVHVVPHQW��(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW�2IILFH�
(3$�UHSRUW�QR��(3$�������������)���$YDLODEOH�IURP��17,6��6SULQJILHOG��9$��3%���
�������

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\���������5HYLHZ�RI�WKH�QDWLRQDO�DPELHQW�DLU�TXDOLW\
VWDQGDUGV�IRU�R]RQH��DVVHVVPHQW�RI�VFLHQWLILF�DQG�WHFKQLFDO�LQIRUPDWLRQ��2$436�VWDII
SDSHU��5HVHDUFK�7ULDQJOH�3DUN��1&��2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV�
(3$�UHSRUW�QR��(3$���������������$YDLODEOH�IURP��17,6��6SULQJILHOG��9$�
3%����������

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\���������$HURPHWULF�,QIRUPDWLRQ�5HWULHYDO�6\VWHPV
8VHU
V�*XLGH��9RO������8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��2IILFH�RI�$LU�4XDOLW\
3ODQQLQJ�DQG�6WDQGDUGV��7HFKQLFDO�6XSSRUW�'LYLVLRQ��1DWLRQDO�$LU�'DWD�%UDQFK�
5HVHDUFK�7ULDQJOH�3DUN��1RUWK�&DUROLQD�
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APPENDIX A:  AIR QUALITY ASSESSMENT

This Appendix characterizes O3 air quality status and trends

for the current 1-hour O3 National Ambient Air Quality Standard

(NAAQS).  Air quality patterns and data handing conventions for

possible new alternative O3 primary and secondary NAAQS are also

presented.  Emphasis is placed on air quality comparisons among

alternative forms of O3 standards, especially within the current

range of levels of concern.

O3 Trends

In 1993, hourly O3 measurements made at 925 ambient air

quality monitoring sites were reported to EPA’s Aerometric

Information Retrieval System (AIRS).  Most of these sites are

located within, or near, metropolitan areas.  To account for the

seasonal O3 pattern and to accommodate differences in local

climates, the EPA has designated specific "O3 seasons" in each

state consisting of a contiguous set of months during which

minimal ambient air quality monitoring requirements must be met.

 In southern locales, the O3 season spans all 12 months, while in

northern states such as Montana, the monitoring season spans only

the summer months June through September.

Figure A-1 displays the 10-year trend, 1984-93, in the

composite average and the inter-site variability of the annual

second highest daily maximum 1-hour concentration at 532 trend

sites.  Only those sites with at least 75 percent data

completeness during the O3 season for at least 8 of the 10 years

were selected as trend sites.  The 1993 composite average for

these 532 sites is 12 percent lower than the 1984 level.  The

1993 composite average is higher than the 1992 level, which was

the lowest composite average of the past 10 years.  The 1993

composite average is still the second lowest level during the

past ten years.  The entire concentration distribution in 1992 is

also lower than any other year.  The increase in the composite
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average between 1992 and 1993 is not statistically significant.
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Figure A-1. National trend in the annual second highest daily
maximum 1-hour concentration at 532 sites, 1984-
93.
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Figure A-2. National trend in the annual maximum Sum06 index
value by county, 1987-93.
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Figure A-2 presents the trend in the annual three-month maximum

Sum06 value by county for the years 1987-93.  Trends in exposure

indices under consideration for possible secondary standards,

such as the Sum06 index, exhibit temporal patterns similar to the

annual second maximum hourly concentrations described above.

The interpretation of recent O3 trends is difficult due to

the confounding factors of meteorology and emission changes. 

Just as the increase in 1988 is attributed in part to

meteorological conditions that were more conducive to O3

formation than prior years, the 1992 decrease is due in part, to

meteorological conditions being less favorable for O3 formation

in 1992 than in other recent years (Brown et. al., 1992). 

Meteorological conditions in 1993 were once again more favorable

to O3 formation, especially in the east and southeastern areas of

the country (Brown, 1993) although the magnitude and frequency of

O3 concentrations above the NAAQS levels were significantly less

than 1988.  Also, since the peak year of 1988, the volatility of

gasoline has been reduced by new regulations which lowered

national average summertime Reid Vapor Pressure (RVP) in regular

unleaded gasoline (EPA, 1989).

Year-to-year meteorological fluctuations and long-term

trends in the frequency and magnitude of peak O3 concentrations

can have a significant influence on an area’s compliance status.

 Table A-1 presents the number of areas not meeting the current

O3 NAAQS for three compliance periods. The first compliance

period, 1987-89, contains the 1988 peak O3 year and corresponds

to the initial nonattainment area designations under the Clean

Air Act Amendments of 1990.  By 1990–1992, both as a result of

more favorable meteorology (i.e., less conducive for O 3

formation) and reductions in emissions, the number of areas not

meeting the O 3 NAAQS has decreased significantly. 
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Table A-1.  Number of areas not meeting the current O3 NAAQS.

Compliance Period
Number of Areas
not meeting the

O3 NAAQS

1987-89 98

1990-92 52

1991-93 43

1992-94 33

Data Handling Conventions

If the current 1-hour standard is replaced with a standard

based on an 8-hour averaging time, it will be necessary to

specify some initial data handling conventions for the 8-hour

averages.  O3 data are reported on an hourly basis, so that it

is possible to compute a running 8-hour average O3

concentration for each hour of the year (in the case of

complete or nearly complete data).  For the analyses presented

in this Appendix, daily maximum 8-hour averages were

considered valid if at least 18 hourly values were present

during the day. 

Figure A-3 shows a hypothetical example of the

relationship between the 1-hour data and the 8-hour averages.

 The individual bars correspond to the hourly values and the

line shows the corresponding 8-hour averages.  There are a few

technical points worth noting.  When an 8-hour average is

computed, it can be associated with the start hour, or the end

hour of the 8-hour period, or some intermediate hour.  The

convention used in Figure A-3 is to have the 8-hour average

identified by the start hour of the 8-hour period.  For

example, the 8-hour average from 4 p.m. to midnight would be
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plotted at 4 p.m.  It should be noted that the next 8-hour

period, from 5 p.m. to 1 a.m., would be plotted at 5 p.m. but

it contains hourly values from two different days.  If the 8-

hour daily maximum is selected from all 24 8-hour averages

starting within the day, it is possible to have daily maximums

from adjacent days that actually have some hourly values in

common.  This is unlikely for the typical urban diurnal

pattern shown in Figure A-3 but it can occur for sites with

less pronounced diurnal patterns, such as rural mountaintop

sites. 

Another point to note with 8-hour averages is that the 8-

hour daily maximum for a particular day can actually be higher

than the 1-hour maximum.  Again, this would be uncommon but

can happen because the 8-hour average could contain up to

seven hourly values from an adjacent day.  Figure A-4 shows 8-

hour averages for three days in July 1988 at a rural

mountaintop site in southeast Virginia illustrating these

points.  The daily maximum for July 7 is higher than any of

the 1-hour values for that day because it is driven by the

high hourly values in the early hours of July 8.  Again, it

should be noted that this particular rural site departs

significantly from the classical O3 diurnal pattern in urban

areas.
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Figure A-3. 1-hour O3 data and 8-hour averages. 
Hypothetical urban area, three days in July.
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Figure A-4. 1-hour O3 data and 8-hour averages.  Smyth
County, Virginia, July 6-8, 1988.
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Monitoring Considerations

Implementation of an 8-hour or cumulative index standard

would require the monitoring community to examine appropriate

siting criteria for the new standard forms.  The current O3

monitoring network was designed to address a 1-hour standard.

 While extension to an 8-hour standard may require few

changes, the current network may not be adequate for a

cumulative index standard, particularly if there is a need for

more rural monitoring stations.  A preliminary analysis of 192

urban areas (Consolidated Metropolitan Statistical Areas and

Metropolitan Statistical Areas, CMSAs/MSAs) for the 1990-92

period found that the 1-hour and 8-hour "design value" sites

differed about 17 percent of the time.  The peak SUM06 site

differed from the peak 1-hour site about 28 percent of the

time.

Distributions of hourly O3 data

The distributions of hourly O3 concentrations were

examined at different monitoring environments.  Sites with

relatively complete data located in rural/agriculture,

background, urban, and high elevation environments were

selected.  The data were analyzed using the MAXFIT program

(Fitz-Simons et al., 1979) which fits 8 distributions: the

normal, the 3-parameter log-normal, the Box-Cox distribution,

the Johnson SB, the 3-parameter gamma, the 4-parameter beta,

the 3-parameter Weibull, and the extreme value distribution. 

Figures A-5 through A-8 display the frequency distributions of

the hourly concentrations and best-fit distributions for an

example site in each category. 

The urban site shown in Figure A-5 is located at Taft High

School in Chicago.  For the hourly data, the normal and

extreme value distributions gave the best fit.

The high elevation site shown in Figure A-6 is in

Albuquerque, New Mexico.  The normal distribution did about as



A-59

well as any for these data.  The data at the lower values

almost exhibited a uniform distribution.

The background environment site shown in Figure A-7 is

located at Clemson University in South Carolina.  The hourly

data histograms resembled the hourly data for the Albuquerque

site.  The normal distribution produced the best

approximations or fit for these data.

The Percy Priest Lake Visitor Center near Nashville

Tennessee shown in Figure A-8 represents a site in a

rural/agriculture-forest environment.  The hourly data which

are skewed, and have a long tail toward the higher

concentrations, were fit best by the normal and the Box-Cox

transformation.

It is clear from the above results that there are

differences across monitoring environments in the distribution

of hourly O3 concentrations.  Nevertheless, some interesting

observations come to light from this exercise. One, the normal

distribution displayed good fitting characteristics more often

than one would think since the data are usually considered to

be too skewed for the normal distribution.  Two, the extreme

value distribution did not consistently yield the best fit on

the 1-hour and 8-hour daily max data.  Finally, the sites

selected through the process described above did not record

very large O3 concentrations during recent years.  One would

expect sites with high values of O3 to exhibit data with a

more pronounced coefficient of skewness.
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Figure A-5. Hourly O3 concentration distribution at an urban
monitoring site.
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Figure A-6. Hourly O3 concentration distribution at a high
elevation monitoring site.



A-62

Figure A-7. Hourly O3 concentration distribution at an urban
background monitoring site.
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Figure A-8. Hourly O3 concentration distribution at a rural
monitoring site.
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Air Quality Data Base for Standards Comparisons

Design values consistent with each of the alternative

standards were calculated for each county with sufficient

monitoring data.  Design values are used in these comparisons

since, although they are based on the form of the standard,

they are independent of the level of the standard.  The design

value is that concentration that when reduced to the level of

the standard ensures compliance with the standard.  For

example, the design value for a daily maximum 1 exceedance per

year standard is the fourth highest daily maximum

concentration given a three year compliance period.  If the

fourth highest day during three years is reduced to the level

of the standard, then there will be exactly three days above

the level of the standard, or one day per year on average. 

Similarly, if the standard were expressed as the average

annual 2nd highest daily maximum concentration over three

years, the design value is just that same average annual

second highest daily maximum concentration.  Thus, design

values enable one to map complex standard forms into to single

number for ease of comparison.

These design value estimates used all hourly O3

concentration data available on AIRS for the years 1987-93. 

One-hour data were processed according to the conventions for

the current O3 standard.  That is, the design value for a 1

exceedance standard is the (nth +1) largest value, where "n"

is the number of years meeting the annual 75 percent data

completeness requirement.  Eight-hour averages were computed

from the 1-hour data and associated with the start hour.  An

8-hour average had to have at least six hourly values.  The

daily maximum 8-hour average is the highest of the 24 possible

8-hour averages starting within the calendar day.  These 8-

hour daily maximums were then processed using the same

conventions analogous to those for the 1-hour data.  For the 5

exceedance option, these basic principles were extended so
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that the sixth highest value would be used if only one year of

data were available, the 11th if two years were available, and

the 16th if all three years were valid.

The design values for the three cumulative index

alternatives, Sum06, W126, and AOT06, were based upon the

highest consecutive three-month value for any calendar year in

the 1991–93 period.  A index total was computed for each day

and then totaled for the month.  Daily index values were

considered valid if the day had at least 18 hourly values.  A

month had to have at least 50 percent valid days for the month

to be considered valid.

Missing Data Considerations for Secondary Standards

A missing value adjustment was used to scale up index

values for a month by simply multiplying the observed index by

the ratio of days in the month divided by days with valid

data.  A preliminary analysis of the impact of missing data on

index values was conducted.  Sites were selected for four

groups - rural/forest and rural/agriculture, high elevation,

background, and urban and city center.  These sites were

selected from AIRS based on the location-setting code, land

use code, elevation, and monitoring objective code. 

Rural/forest and rural/agriculture were selected including

areas classified as desert or blighted areas.  However, most

sites are forest and agricultural.  The high elevation sites

were selected by limiting the site elevation to above 1000

meters.  The background sites were selected on the basis of

their monitoring objective.

All subsets of sites exhibited the same patterns of

missing data.  All groups had a large number of single missing

hours.  These are mostly the missing hour each day for

calibration purposes.  For longer gaps, the frequency falls

off exponentially as gap length grows larger.  The starting

hour for a series of missing data seems to have no pattern in
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all groups.  There are some hours in the background sites that

seem to have a larger percentage, although this is likely due

to chance since there a much smaller number of sites falling

in this category.  Site maintenance seems to be standard

across different groups of sites and we can expect to see the

same patterns of missing data in rural areas as in urban

areas.

A site-year combination was selected that had a very high

data capture (Tucson, AZ).  This site then had gaps of data

systematically produced and all secondary standard alternative

indicators were calculated and adjusted for missing data. 

These were compared to the same indicators calculated without

any data taken out and the relative error was calculated as:

where RE is the relative error, SA is the standard calculated

using data with gaps and SU is the standard calculated with

all data.  The relative error was averaged over several data

sets where gaps were shifted across the critical months used

to calculate alternative indicators for the secondary

standard.  The results appear below.

Table A-2. Relative Errors

Gap Size Sum06 AOT06 W126

10 0.0118 0.0030 0.0086

50 0.0201 0.0014 0.0124

100 0.0221 -0.0048 0.0120

200 0.0571 0.0360 0.0316

300 0.0842 0.0818 0.0508

SU

 SU- SA
 = RE
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The AOT06 indicator option seems to have a lower average

relative error until the gaps become larger than 100 hours in

length.  The SUM06 indicator seems to be the most sensitive at

all levels.

Multi-year Compliance Considerations for Secondary Standards

In the air quality comparisons that follow, it is

important to note that use of the maximum year in the three

year compliance period interpretation for the secondary

standard index options is a mixture of the old "once per year"

standard and the newer "expected exceedance" standards.  These

maximum cumulative exposure indices do not represent a multi-

year average so it differs from the form of current O3 NAAQS.

 A single year compliance test is consistent with providing

protection for annual species.  However, if only a single year

is used then, for all practical purposes, by the time the

decision is made to declare an area nonattainment, the data

from the next year are almost complete and might reverse the

decision.  To avoid this situation, earlier attainment

decisions for these types of standards required eight

consecutive quarters of data to show attainment (EPA, 1978). 

Three calendar years were selected for the compliance period

for consistency with the primary standard.  The 1991-93 air

quality data were used to compare the difference between the

maximum three-month index value and the three year average of

the annual maximum three month index values.  The Sum06 value

in the maximum year was at least 24 percent larger than the

average index value across the three years for half of the

counties with monitoring data. The maximum was greater than

the average by more than 22 percent for W126, and 29 percent

for AOT06, for half of the counties with data.        

Air Quality Comparisons

Using the ambient air quality data base and the
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alternative primary and secondary NAAQS, the staff estimated

the number of counties and metropolitan areas which would

meet, or fail to meet, these standards based on data for 1987-

89 and 1991-93.  These two 3-year periods contrast the impact

of 1988, and varying weather patterns with the current

compliance period. 

This assessment used design values, rather than expected

exceedances, to facilitate the comparisons among varying

standard levels.  For the one exceedance standard options, the

design value is simply the fourth highest concentration during

the three year period.  Because one exceedance is allowed for

each year, if the fourth highest value is greater than the

specified standard level, then the county has failed to meet

the alternative NAAQS.  Similarly, for the five exceedance

alternative, the design value is the sixteenth largest daily

maximum 1-hour concentration.  Once the design value is

calculated, comparisons with alternative standard levels can

be made directly without having to recompute the number of

exceedances.  Table A-3 presents the air quality data

comparisons on a county basis.
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Table A-3. Number of counties not meeting selected analytic
options based on design values for 1987–89 and
1991–93.

ANALYTIC OPTIONS 1987
–89

1991
–93

Primary Standard

     1-hour, 1 exceedance, 0.12 ppm
           , avg annual 2nd max, 0.12

           , 1 exceedance, 0.10 ppm
           , avg annual 2nd max, 0.10

224
168

384
338

104
 72

310
243

     8-hour, 1 exceedance, 0.10 ppm

           , 1 exceedance, 0.09 ppm
           , avg annual 2nd max, 0.09
           , 3 exceedance, 0.09 ppm
           , 5 exceedance, 0.09 ppm

236

332
279
263
190

103

221
160
113
 67

           , 1 exceedance, 0.08 ppm
           , 3 exceedance, 0.08 ppm
           , 5 exceedance, 0.08 ppm

           , avg annual 2nd max, 0.08 ppm
           , avg annual 3rd max, 0.08 ppm
           , avg annual 4th max, 0.08 ppm
           , avg annual 5th max, 0.08 ppm

419
370
321

379
352
333
305

394
274
194

329
274
227
187

           , 1 exceedance, 0.07 ppm 467 514

              

Total Number of Counties with monitors
Total number of Counties in the U.S.

506
3142

581
3142
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The impact of using the average annual second maximum

(AvgMax2) concentration as the NAAQS statistic on the number

of counties not meeting selected standard alternatives is

shown in Table A-3.  For each alternative, there are fewer

non-compliant counties for the AvgMax2 statistic (about 20-30%

less) than the current one exceedance form.   Table A-4

presents a comparison of the impact of the selected analytic

options on the compliance status of the original 98 areas

designated nonattainment for O3 under the Clean Air Act

Amendments of 1990.  A detailed listing of design values for

each alternative by nonattainment area is provided in Table A-

13 at the end of this Appendix.

Table A-4. Number of original nonattainment areas not
meeting selected analytic options based on
1991-93 air quality monitoring design values.

ANALYTIC OPTIONS 1991–93

     1-hour, 1 exceedance, 0.12 ppm
           ,   avg annual 2nd max, 0.12

           ,   1 exceedance, 0.10 ppm
           ,   avg annual 2nd max, 0.10

 39
 34

 87
 69

     8-hour, 1 exceedance, 0.09 ppm
           ,   avg annual 2nd max, 0.09

 72
 52

           , 1 exceedance, 0.08 ppm
           ,   avg annual 2nd max, 0.08
           ,   avg annual 5nd max, 0.08
           ,   5 exceedance, 0.08 ppm

 93
 85
 64
 63

           , 1 exceedance, 0.07 ppm  97

Number of Areas with monitors.  97
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Table A-5 compares the number of counties in both compliance

periods with design values in excess of the current 1-hour 

standard with selected 8-hour one exceedance alternatives.  

Despite the larger number of counties with data in 1991–1993,

the impact of O 3 data from the summer of 1988 is readily

apparent in the earlier compliance period.  The number of

counties not meeting an 8-hour, one expected exceedance

standard with a level of 0.10 ppm is quite close to the number

under the current 1-hour 0.12 ppm standard.  Tables A-6

through A-8 contrast the current 1-hour standard with the

levels of concern for the Sum06, W126 and AOT06 secondary

standard options.  Small differences in the total number of

counties with monitors among these tables and Table A-5 result

from the data completeness requirements for the secondary

standard alternatives.  For the levels of concern, the Sum06

standard yields almost four times as many non-compliance areas

as the current 1-hour primary standard.  Table A-9 contrasts

the one and five exceedance options for an 8-hour standard. 

For both compliance periods, an 8-hour five exceedance

standard of 0.08 ppm is comparable to an 8-hour one exceedance

standard of 0.09 ppm in terms of the number of non-complying

areas.  Table A-10 contrasts the alternative 8-hour one

exceedance options with the three peak-weighted indices. 

Finally, Tables A-11 and A-12 repeat the 1-hour and 8-hour

comparisons on a metropolitan area, rather than a county,

basis.

Another way to view the information presented above is in

terms of ratios among design values for alternative standards.

 For example, the average ratio of 8-hour to 1-hour design

values for a 1 exceedance per year standard is 0.86 based on

1991–93 data.  This ratio has been fairly stable over time

increasing slightly from 0.81 in 1980 to 0.86 in 1993.  The

ratio is also fairly consistent across EPA Regions, with the

median ratio ranging from 0.80 to 0.88.  The median 8-hour/1-
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hour 1 exceedance ratio for nine remote O3 monitors in AIRS

was slightly higher, 0.90, which would be expected for sites

with less pronounced diurnal patterns.  As noted above in

Table A-5, the number of counties not meeting a 0.10 ppm 8-

hour 1-exceedance standard is almost identical to the number

not meeting a 0.12 ppm 1-hour standard.  This is consistent

with the 0.86 ratio because the ratio of the corresponding

exceedance levels for the two standards (0.105 ppm/0.125 ppm)

is equal to 0.84.

Design value comparisons based on 1991-93 data show that,

on average, ozone design values for an 8-hour, 0.08 ppm, 1

exceedance standard are about 15% lower than for the current

1-hour standard, while design values for both an 8-hour, 0.08

ppm, 5 exceedance, and average annual 5th highest daily

maximum standard are about 25% lower than the current 1-hour

standard.  On average, design values for an average annual 2nd

highest daily maximum 8-hour standard are 18% lower than the

current 1-hour standard. 

In terms of exceedances, on average, sites meeting an

average annual 2nd highest daily maximum 0.08 ppm standard

have 1.2 exceedances per year, and 2.3 exceedances in the

worst year of three, while sites meeting an average annual 5th

highest daily maximum 0.08 ppm standard have 3.0 exceedances

per year, and 5.4 exceedances in the worst year of three. 

Also, in the worst year of three, 95 % of sites meeting the

average annual 2nd highest daily maximum 0.08 ppm standard

have 7 or fewer exceedances, while 95 % of sites meeting an

average annual 5th highest daily maximum 0.08 ppm standard

have 12 or fewer exceedances.

Table A-13 lists design values based on 1991-93 monitoring

data for each of the 1-hour and 8-hour standard alternatives

in the original 98 areas designated nonattainment in 1991. 

The maximum Sum06 index value for 1991-93 is also provided in

the last column.
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Table A-5.

Comparison of design values for the current .12 ppm 1 hour,
1 exceedance standard  vs. an 8 hour, 1 exceedance standard,
by county.

1987 - 1989

NAAQS
.12 ppm
  1 Exc

8 Hour, 1 Exceedance NAAQS Number of
Counties

DV
<=
.07

.07 <
 DV
<=.08

.08 <
 DV
<=.09

.09 <
 DV
<=.10

DV
 >
.10

DV <= .12 39 48 84 759 36 282

DV > .12 0 0 3 21 200 224

Total 39 48 87  96 236 506

1991 - 1993

NAAQS
.12 ppm
  1 Exc

8 Hour, 1 Exceedance NAAQS Number of
Counties

DV
<=
.07

.07 <
 DV
<=.08

.08 <
 DV
<=.09

.09 <
 DV
<=.10

DV
 >
.10

DV <= .12 67 120 171 100 19 477

DV > .12 0 0 2 18  84 104

Total 67 120 173 118 103 581



A-74

Table A-6.

Comparison of design values for the current .12 ppm 1 hour,
1 exceedance standard vs. max Sum06 design values, by county.

1987 - 1989

NAAQS
.12 ppm
  1 Exc

Sum06 Max Year NAAQS Number of
Counties

DV <= 16.5 16.5 < DV <=26.4 DV >  26.4

DV <= .12 57 44 175 276

DV > .12  5 10 209 224

Total  62  54 384 500

1991 - 1993

NAAQS
.12 ppm
  1 Exc

Sum06 Max Year NAAQS Number of
Counties

DV <= 16.5 16.5 < DV <=26.4 DV >  26.4

DV <= .12 137 126 211 474

DV > .12  2 16  86 104

Total 139 142  297 578
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Table A-7.

Comparison of design values for the current .12 ppm 1 hour,
1 exceedance standard vs. max W126 design values, by county.

1991 - 1993

NAAQS
.12 ppm
  1 Exc

W126 Max Year NAAQS Number of
Counties

DV <= 13.8 13.8 < DV <=22.4 DV > 22.4

DV <= .12 144 146 184 474

DV > .12  1 16  87 104

Total 145 162 271 578

Table A-8.

Comparison of design values for the current .12 ppm 1 hour,
1 exceedance standard vs. max AOT06 design values, by county.

1991 - 1993

NAAQS
.12 ppm
  1 Exc

AOT06 Max Year NAAQS Number of
Counties

DV <= 4.8 4.9 < DV <= 7.5 DV > 7.5

DV <= .12 285 106  83 474

DV > .12  9 21  74 104

Total 294 127  157 578
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Table A-9.

Comparison of design values for an 8 hour, 1 exceedance
standard vs. design values for an 8 hour, 5 exceedance
standard, by county.

1987 - 1989

8 Hour
1 Exc
NAAQS

8 Hour 5 Exc NAAQS
Number of
Counties

   DV <=.08   DV > .08

DV <= .07 38 0 38

.07 <= .08  48  0  48

.08 <= .09 71 16 87

.09 <= .10 25 71 96

DV > .10 2 234 236

Total 184 321 505

1991 - 1993

8 Hour
1 Exc
NAAQS

8 Hour 5 Exc NAAQS
Number of
Counties

   DV <=.08   DV > .08

DV <= .07 67 0 67

.07 <= .08 120  0 120

.08 <= .09 159 14 173

.09 <= .10 39 79 118

DV > .10 2 101 103

Total 387 194 581
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Table A-10.

Comparison of design values for an 8 hour, 1 exceedance
standard vs. alternative secondary standard exposure indices,
by county.

1991 - 1993

8 Hour
1 Exc
NAAQS

No.
of

Counties

Alternative Secondary NAAQS
Exposure Indices
10% Crop Loss 

  Sum06
 > 26.4

   W126
  > 22.4

  AOT06
  > 7.5

DV <= .07 64 2    1 0

.07 <= .08 120 14   7  0

.08 <= .09 173 92  76 18

.09 <= .10 118 96 93 55

DV > .10 103 93 94  84

Total 578 297 269 157
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Table A-11.

Comparison of design values for the current .12 ppm 1 hour,
1 exceedance standard  vs. an 8 hour, 1 exceedance standard, by
metropolitan area (CMSA/MSA).

1987 - 1989

NAAQS
.12 ppm
  1 Exc

8 Hour, 1 Exceedance NAAQS Number of
Areas
(CMSAs
& MSAs)

DV
<=
.07

.07 <
 DV
<=.08

.08 <
 DV
<=.09

.09 <
 DV
<=.10

DV
 >
.10

DV <= .12  8 19 34  30 14 106

DV > .12 0 0 1  8  72 80

Total  8 19 35  38  86 186

1991 - 1993

NAAQS
.12 ppm
  1 Exc

8 Hour, 1 Exceedance NAAQS Number of
Areas
(CMSAs
& MSAs)

DV
<=
.07

.07 <
 DV
<=.08

.08 <
 DV
<=.09

.09 <
 DV
<=.10

DV
 >
.10

DV <= .12 14  38  63  30  8 153

DV > .12 0 0 2  4  36  42

Total 14  38  65  34  44 195
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Table A-12.

Comparison of design values for an 8 hour, 1 exceedance
standard vs. design values for an 8 hour, 5 exceedance
standard, by metropolitan area (CMSA/MSA).

1987 - 1989

8 Hour
1 Exc
NAAQS

8 Hour 5 Exc NAAQS
Number of
Areas
(CMSAs
& MSAs)

   DV <=.08   DV > .08

DV <= .07  8 0  8

.07 <= .08  19  0  19

.08 <= .09 29  6 35

.09 <= .10 10 28 38

DV > .10 1  85  86

Total  67 119 186

1991 - 1993

8 Hour
1 Exc
NAAQS

8 Hour 5 Exc NAAQS
Number of
Areas
(CMSAs
& MSAs)

   DV <=.08   DV > .08

DV <= .07 12 0 14

.07 <= .08  38  0  38

.08 <= .09  61  4  65

.09 <= .10  8 26  34

DV > .10 0  44  44

Total 121  74 195
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      Table A-13.           Comparison of design values for alternative O3 air quality standards
                            for the original 98 classified nonattainment areas.

         Nonattainment                     Clean Air Act       D.V.       D.V.     Avg Max2    Avg Max5      D.V.      Sum06
         Area Name                         Classification    1h, 1ex    8h, 1ex      8 hr        8 hr      8h, 5ex    8am-8pm

         Albany-Schenectady-Troy NA Area     Marginal          0.10       0.09       0.09        0.08        0.08       15.8
         Allentown-Bethlehem-Easton NA       Marginal          0.12       0.10       0.10        0.09        0.09       28.7
         Altoona NA Area                     Marginal          0.11       0.09       0.09        0.08        0.08       30.0
         Atlanta NA Area                     Serious           0.15       0.13       0.11        0.10        0.10       50.0
         Atlantic City NA Area               Moderate          0.12       0.11       0.11        0.10        0.10       47.9
         Baltimore NA Area                   Severe 15         0.15       0.12       0.12        0.11        0.10       55.9
         Baton Rouge NA Area                 Serious           0.14       0.11       0.11        0.09        0.09       23.0
         Beaumont-Port Arthur NA Area        Serious           0.13       0.11       0.11        0.10        0.09       26.8
         Birmingham NA Area                  Marginal          0.12       0.10       0.10        0.09        0.09       25.1
         Boston-Lawrence-Worcester NA Area   Serious           0.14       0.11       0.12        0.09        0.10       29.0
         Buffalo-Niagara Falls NA Area       Marginal          0.11       0.10       0.09        0.08        0.08       22.3
         Canton NA Area                      Attainment        0.11       0.10       0.09        0.09        0.09       45.5
         Charleston NA Area                  Attainment        0.11       0.09       0.07        0.07        0.07       29.7
         Charlotte-Gastonia NA Area          Attainment        0.12       0.10       0.10        0.09        0.09       50.6
         Cherokee Co NA Area                 Attainment        0.10       0.09       0.09        0.08        0.08       32.0
         Chicago-Gary-Lake County NA Area    Severe 17         0.15       0.12       0.11        0.10        0.10       38.9
         Cincinnati-Hamilton NA Area         Moderate          0.13       0.11       0.10        0.09        0.09       46.1
         Cleveland-Akron-Lorain NA Area      Moderate          0.14       0.12       0.13        0.11        0.10       45.6
         Columbus NA Area                    Attainment        0.12       0.10       0.09        0.08        0.08       31.0
         Dallas-Fort Worth NA Area           Moderate          0.14       0.12       0.11        0.09        0.09       39.2
         Dayton-Springfield NA Area          Attainment        0.11       0.10       0.09        0.09        0.08       35.0
         Detroit-Ann Arbor NA Area           Attainment        0.12       0.11       0.10        0.09        0.09       30.1
         Door Co NA Area                     Marginal          0.13       0.10       0.09        0.09        0.08       19.5
         Edmonson Co NA Area                 Attainment        0.09       0.08       0.08        0.07        0.07       17.1
         El Paso NA Area                     Serious           0.14       0.09       0.09        0.08        0.08       15.7
         Erie NA Area                        Marginal          0.11       0.09       0.09        0.08        0.08       30.8
         Essex Co NA Area                    Marginal          0.12       0.10       0.10        0.09        0.09       23.0
         Evansville NA Area                  Marginal          0.11       0.10       0.09        0.09        0.09       40.5
         Grands Rapids NA Area               Moderate          0.15       0.13       0.13        0.11        0.11       40.3
         Greater Connecticut NA Area         Severe 17         0.16       0.12       0.12        0.11        0.11       35.9
         Greenbrier NA Area                  Attainment        0.10       0.09       0.08        0.08        0.08       22.9
         Greensboro-Winston-Salem-High       Attainment        0.11       0.10       0.09        0.09        0.09       48.3
         Hancock Co and Waldo Co NA Area     Marginal          0.11       0.10       0.10        0.08        0.08       13.2
         Harrisburg-Lebanon-Carlisle NA      Marginal          0.11       0.10       0.10        0.09        0.09       36.5
         Houston-Galveston-Brazoria NA       Severe 17         0.20       0.13       0.12        0.10        0.10       30.0
         Huntington-Ashland NA Area          Attainment        0.12       0.10       0.09        0.09        0.09       35.2
         Indianapolis NA Area                Attainment        0.10       0.10       0.09        0.09        0.09       38.3
         Jefferson Co NA Area                Marginal          0.11       0.11       0.10        0.09        0.08       18.4
         Jersey Co NA Area                   Attainment        0.11       0.09       0.09        0.08        0.08       26.9
         Johnstown NA Area                   Marginal          0.11       0.10       0.09        0.08        0.08       29.5
         Kansas City NA Area                 Attainment        0.11       0.09       0.09        0.08        0.08       32.3
         Kent County and Queen Anne’s County Marginal          0.13       0.11       0.11        0.10        0.10       48.9
         Kewaunee Co NA Area                 Moderate          0.11       0.09       0.09        0.08        0.08       18.1
         Knox Co and Lincoln Co NA Area      Moderate          0.13       0.12       0.11        0.10        0.09       20.6
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         Knoxville NA Area                   Attainment        0.12       0.10       0.09        0.09        0.09       42.7
         Lake Charles NA Area                Marginal          0.12       0.09       0.09        0.09        0.09       20.4
         Lancaster NA Area                   Marginal          0.12       0.10       0.10        0.09        0.09       38.0
         Lewiston - Auburn NA Area           Moderate          0.11       0.09       0.09        0.08        0.08       13.4
         Lexington-Fayette NA Area           Attainment        0.10       0.09       0.08        0.08        0.08       29.4
         Los Angeles South Coast Air Basin   Extreme           0.30       0.19       0.19        0.18        0.17      111.0
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      Table A-13. (cont.)   Comparison of design values for alternative O3 air quality standards
                            for the original 98 classified nonattainment areas.

         Nonattainment                     Clean Air Act       D.V.       D.V.     Avg Max2    Avg Max5      D.V.      Sum06
         Area Name                         Classification    1h, 1ex    8h, 1ex      8 hr        8 hr      8h, 5ex    8am-8pm

         Louisville NA Area                  Moderate          0.13       0.11       0.10        0.09        0.09       49.5
         Manchester NA Area                  Marginal          0.09       0.08       0.08        0.07        0.07        8.9
         Manitowoc Co NA Area                Moderate          0.13       0.10       0.10        0.08        0.08       25.6
         Memphis NA Area                     Attainment        0.12       0.10       0.09        0.09        0.09       37.9
         Miami-Fort Lauderdale-W. Palm Beach Attainment        0.11       0.09       0.08        0.08        0.07       14.3
         Milwaukee-Racine NA Area            Severe 17         0.15       0.12       0.11        0.10        0.10       38.9
         Monterey Bay Unified NA Area        Moderate          0.11       0.09       0.09        0.08        0.08       32.9
         Muskegon NA Area                    Moderate          0.14       0.11       0.11        0.11        0.10       36.5
         Nashville NA Area                   Moderate          0.12       0.11       0.10        0.09        0.09       44.5
         New York-N. New Jersey-Long Island  Severe 17         0.15       0.13       0.12        0.11        0.11       45.1
         Norfolk-Virginia Beach-Newport      Marginal          0.13       0.10       0.10        0.09        0.09       46.4
         Owensboro NA Area                   Attainment        0.10       0.09       0.08        0.08        0.08       24.1
         Paducah NA Area                     Attainment        0.11       0.09       0.09        0.08        0.08       34.8
         Parkersburg NA Area                 Attainment        0.12       0.10       0.09        0.09        0.09       37.1
         Philadelphia-Wilmington-Trenton     Severe 15         0.16       0.13       0.12        0.12        0.12       58.6
         Phoenix                             Moderate          0.15       0.11       0.09        0.09        0.09       39.1
         Pittsburgh-Beaver Valley NA Area    Moderate          0.12       0.11       0.10        0.09        0.09       38.3
         Portland NA Area                    Moderate          0.13       0.11       0.11        0.10        0.09       21.2
         Portland-Vancouver AQMA NA Area     Marginal          0.11       0.10       0.08        0.07        0.07       14.5
         Portsmouth-Dover-Rochester, NH      Serious           0.13       0.11       0.11        0.09        0.09       17.1
         Poughkeepsie NA Area                Moderate          0.13       0.10       0.10        0.10        0.09       26.0
         Providence (all of RI) NA Area      Serious           0.15       0.12       0.11        0.10        0.10       29.8
         Raleigh-Durham NA Area              Attainment        0.12       0.10       0.09        0.09        0.09       59.9
         Reading NA Area                     Moderate          0.12       0.11       0.10        0.09        0.09       34.4
         Reno                                Marginal          0.09       0.08       0.07        0.07        0.07       23.9
         Richmond-Petersburg NA Area         Moderate          0.13       0.10       0.10        0.09        0.09       47.3
         Sacramento Metro NA Area            Serious           0.15       0.12       0.12        0.11        0.11       65.8
         Salt Lake City-Ogden NA Area        Moderate          0.11       0.09       0.08        0.08        0.08       25.9
         San Diego NA Area                   Severe 15         0.15       0.12       0.12        0.11        0.11       54.9
         San Francisco-Bay NA Area           Attainment        0.12       0.09       0.09        0.08        0.08       19.9
         San Joaquin Valley NA Area          Serious           0.16       0.12       0.12        0.11        0.11       83.2
         Santa Barbara - Santa Maria -       Moderate          0.12       0.10       0.10        0.09        0.09       44.3
         Scranton-Wilkes-Barre NA Area       Marginal          0.12       0.11       0.10        0.09        0.09       30.0
         Seattle - Tacoma NA Area            Marginal          0.11       0.09       0.08        0.08        0.08       12.3
         Sheboygan NA Area                   Moderate          0.14       0.11       0.09        0.08        0.09       29.2
         Smyth Co NA Area                    Marginal           ND         ND         ND          ND          ND          ND
         South Bend-Elkhart NA Area          Attainment        0.10       0.09       0.09        0.08        0.08       38.8
         Southeast Desert Modified AQMD      Severe 17         0.20       0.15       0.15        0.14        0.14      103.9
         Springfield (W. Mass) NA Area       Serious           0.14       0.11       0.11        0.10        0.10       24.6
         St. Louis NA Area                   Moderate          0.13       0.11       0.11        0.09        0.09       42.4
         Sussex Co NA Area                   Marginal          0.12       0.11       0.11        0.09        0.09       41.6
         Tampa-St. Petersburg-Clearwater     Attainment        0.11       0.08       0.08        0.08        0.08       22.0
         Toledo NA Area                      Attainment        0.12       0.10       0.09        0.08        0.08       21.7
         Ventura Co NA Area                  Severe 15         0.15       0.13       0.13        0.11        0.12       72.9
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         Walworth Co NA Area                 Marginal          0.12       0.10       0.09        0.08        0.09       35.8
         Washington NA Area                  Serious           0.14       0.11       0.11        0.10        0.10       50.1
         York NA Area                        Marginal          0.11       0.10       0.09        0.09        0.09       40.2
         Youngstown-Warren-Sharon NA Area    Marginal          0.11       0.10       0.10        0.09        0.09       37.7
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